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ABSTRACT

The Effect of Habitat Manipulations on Utah Prairie Dogs (Cynomys parvidens) and
Their Habitat on the Awapa Plateau Recovery Area
in South-central Utah

by

Gretchen Caudill, Master of Science
Utah State University, 2012

Major Professor: Dr. Terry A. Messmer
Department: Wildland Resources

The Utah prairie dog (Cynomys parvidens) was listed by the U.S. Fish and
Wildlife Service as an endangered species in 1973 because of range-wide population
declines. The species was reclassified as threatened in 1984 because of population
increases on private lands. Habitat fragmentation coupled with a lack of suitable habitat
has impeded species recovery. Desired species habitat conditions include 0-8% shrub
cover, 12-40% cool-season grass cover, and 1-10% perennial forb cover. Cool-season
grasses are critical for Utah prairie dogs because of high spring energy requirements.
Past research suggested that reducing shrub cover may increase cover of desired grasses
and forbs. From 2008-2010, I evaluated the effects of high intensity fall sheep grazing
and low application of herbicide (tebuthiuron) as tools to reduce shrub cover and enhance
grass and forb cover on the Awapa Plateau Utah prairie dog recovery area in south-
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central Utah. I placed 1700 ewes in 4 ha stratified and randomly selected plots until
>70% vegetation utilization was achieved. Five additional randomly-selected plots were
treated with tebuthiuron at a rate of ~1.68 kg/ha. Percent cover of grass, forbs, and
shrubs was recorded on treatments and paired control plots in June 2009 and 2010 to
determine treatment vegetation responses. I also affixed 22 juvenile Utah prairie dogs
with radio transmitters to determine if over-winter survival differed relative to treatment.
Live shrub cover was lower on grazed plots in year 1 (P<0.001) and in year 2 (P=0.015).
Dead shrub cover in grazed plots was higher in year 1 (P<0.001). Grazed plots exhibited
increased forb cover from year 1 (P=0.104) to year 2 (P=0.008). Live shrub cover was
lower in herbicide plots in year 2 (P=0.002). Dead shrub cover in herbicide plots was
higher in year 2 (P=0.006). Tebuthiuron and grazed plots exhibited a reduction in shrub
height (P=0.010, P=0.026, respectively). Tebuthiron plots exhibited less grass cover
(P=0.034). Intensive sheep grazing and a low application of tebuthiuron reduced both
shrub cover and vertical structure, but failed to increase the percent of grass cover when
compared to the control plots. All plots exhibited reduced grass cover in 2010 in response
to below normal precipitation. However, percent grass cover was higher on the grazed
plots. It is possible that low inherent site productivity in combination with below normal
average precipitation compromised treatment effects. Because of radio transmitter
failure, I was not able to obtain survival data after hibernation. Prairie dog counts and
weights did not differ by treatment type. If climate change reduces overall precipitation
on the Awapa Plateau, recovery of the Utah prairie dog on this site will be problematic.
(111 pages)
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PUBLIC ABSTRACT

The Effect of Habitat Manipulations on Utah Prairie Dogs (Cynomys parvidens) and
Their Habitat on the Awapa Plateau Recovery Area in South-Central Utah
by
Gretchen Caudill

Utah prairie dogs have been listed, in some capacity, under the Endangered
Species Act since 1972. The lack of suitable habitat, particularly cool season grass cover,
has been identified as the primary factor impeding species recovery. Due to reproduction
costs, Utah prairie dogs require a large quantity of cool season grasses. Lack of recovery
has also been attributed to poor juvenile survival. Increased resources have been shown
to increase weights, which would increase survival through the winter.
Beneficial habitat management techniques for Utah prairie dogs have yet to be
determined for the Awapa Plateau recovery area. Utah prairie dogs require a habitat with
abundant cool season grasses and few shrubs. Parker Mountain (Awapa Plateau) did not
meet the requirements needed for ideal Utah prairie dog habitat. Intensive sheep grazing
and herbicide treatments (tebuthiuron) have been shown to decrease the shrub component
while increasing the grass and forb component in similar habitats. Both these techniques
decreased the cover and height of shrubs on Parker Mountain. Grazing increased forb
cover, but neither treatment increased cover of grasses, the most limiting diet component
for Utah prairie dogs. Juvenile survival was unable to be determined based on radio
transmitter failure.

vi
ACKNOWLEDGMENTS

There are many people to thank for the completion of this project. First, I would
like to thank my advisor, Dr. Terry Messmer, and my committee members, Dr. Dwayne
Elmore and Dr. Brent Bibles, for guidance and patience along the way. I would also like
to thank Utah State University Presidential Fellowship, College of Natural Resources,
Utah State University Extension, Jessie and S.J. Quinney Foundation Quinney
Professorship for Wildlife Conflict Management, and the Jack H. Berryman Institute for
Wildlife Damage for funding my research. The Natural Resources Conservation Service,
and Utah School and Institutional Trustlands Administration( SITLA) provided
additional in-kind support. Thank you to Dr. Fee Busby for teaching me all about
western flora and identifying every plant I showed up with at his office door. Thank you
to Ron Torgerson, SITLA, for the help with much needed supplies and answers to my
never-ending questions when beginning this project.
I would also like to thank the community of Wayne County and the friends I have
made along the way. This place I have called home for 2 years would not have been the
same without the gracious people who live and work there. I would like to express an
enormous thank you to Andy Taft for lending his livelihood to 3 kids from Tennessee
who didn’t have a clue. Andy generously gave much of his time, equipment, patience,
and Shastas to me throughout my time here in Utah. If this world had more individuals
like Andy, wildlife conservation would be in a much better place.
I owe a huge debt of gratitude to Jeremy Tarwater, one of the hardest workers I
know, for never giving up on my project even when the fence was always needing

vii
mending, the sheep scattered all over the mountain, and the days lasted 16 hours. This
work would not have been completed without Jeremy’s tremendous amount of help. I
would also like to thank Amber Margolis for learning with me how to trap and handle a
prairie dog with minimal scarring.
Finally, I would like to thank my family Emily Fitzgerald, Ed Hochnedel,
Amanda Lee, David Hochnedel, and Sarah Maskarinec for all the love and support from
2,000 miles away. I have been blessed with truly wonderful parents and siblings. They
have been my cheering squad through this whole process. Thank you to Leah Scott for
being my sounding board whenever I needed it and sharing in this sometimes ridiculous
experience from the other side of the country. Also, a big thank you to Lorien Belton and
Cheyenne for being great company to a lonely graduate student and her pup. Most of all,
I would like to thank Danny Caudill, my wonderful husband, and Mason, my furry kid,
for helping me keep my sanity in this foreign land. Danny has given tremendous support
and encouragement, without which I don’t think I would have survived.
Gretchen Caudill

viii
CONTENTS
Page
ABSTRACT ...................................................................................................................... iii
PUBLIC ABSTRACT ....................................................................................................... v
ACKNOWLEDGEMENTS .............................................................................................. vi
LIST OF TABLES ............................................................................................................. x
LIST OF FIGURES ......................................................................................................... xii
CHAPTER
1.

INTRODUCTION AND LITERATURE REVIEW ................................. 1
DESCRIPTION AND LIFE HISTORY ........................................ 1
CURRENT AND HISTORIC DISTRIBUTION ........................... 3
HABITAT REQUIREMENTS ...................................................... 4
DISEASE AND PREDATION ...................................................... 7
CONSERVATION STRATEGIES ............................................... 9
GRAZING AND HERBICIDE MANAGEMENT ...................... 11
LITERATURE CITED ................................................................ 13

2.

EFFECTS OF INTENSIVE SHEEP GRAZING AND LOW
TEBUTHIURON APPLICATION ON VEGETATION
CHARACTERISTICS RELATED TO UTAH PRAIRIE DOG
(CYNOMYS PARVIDENS) HABITAT REQUIREMENTS .................... 25
INTRODUCTION ....................................................................... 26
STUDY AREA ............................................................................ 32
METHODS .................................................................................. 35
Experimental Design ........................................................ 35
Grazing Treatments .......................................................... 36
Herbicide Treatments ....................................................... 36
Vegetation Monitoring ..................................................... 36
Data Analysis ................................................................... 37
RESULTS .................................................................................... 38
Grass Cover ...................................................................... 38

ix
Forb Cover ………………………………………………38
Live Shrub and Dead Shrub ............................................. 39
Shrub Height .................................................................... 40
DISCUSSION .............................................................................. 40
MANAGEMENT IMPLICATIONS ........................................... 43
LITERATURE CITED ................................................................ 44
3.

MONITORING UTAH PRAIRIE DOG RESPONSES TO
MANAGEMENT EXPERIMENTS: CONSEQUENCES FOR
FUTURE RESEARCH ...................................................................... 65
INTRODUCTION ....................................................................... 65
STUDY AREA ............................................................................ 68
METHODS .................................................................................. 69
Experimental Design ........................................................ 69
Utah Prairie Dog Monitoring: Weights and Counts ........ 70
RESULTS .................................................................................... 71
DISCUSSION AND MANAGEMENT IMPLICATIONS ......... 71
LITERATURE CITED ................................................................ 73

4.

CONCLUSIONS...................................................................................... 84
LITERATURE CITED ................................................................ 91

APPENDIX… ………...................................................................................................... 95

x
LIST OF TABLES

Table

Page

1-1

Vegetation requirements of the Utah prairie dog (Cynomys parvidens).............. 20

2-1

Vegetation requirements of the Utah prairie dog (Cynomys parvidens).............. 51

2-2

Average percent canopy cover of grass, forbs, shrubs, and dead shrubs on the
Awapa Plateau recovery area study site in south-central Utah, 2009-2010 ........ 52

2-3

Two-way analysis of variance of grass canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010.................................. 52

2-4

Tukey HSD post-hoc test of grass canopy cover on the Awapa Plateau recovery
area study site in south-central Utah, 2009-2010................................................. 53

2-5

Two-way analysis of variance of forb canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010.................................. 53

2-6

Pairwise comparison of forb canopy cover on the Awapa Plateau recovery area
study site in south-central Utah, 2009-2010 ........................................................ 54

2-7

Two-way analysis of variance of live shrub canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010.................................. 54

2-8

Pairwise comparison of live shrub canopy cover on the Awapa Plateau recovery
area study site in south-central Utah, 2009-2010................................................. 55

2-9

Two-way analysis of dead shrub canopy cover on the Awapa Plateau recovery
area study site in south-central Utah, 2009-2010................................................. 55

2-10

Pairwise comparison of dead shrub canopy cover on the Awapa Plateau recovery
area study site in south-central Utah, 2009-2010................................................. 56

2-11

Average shrub height in control, grazed, and herbicide treated plots on the Awapa
Plateau recovery area study site in south-central Utah, 2009-2010 ..................... 56

2-12

Two-way analysis of variance of shrub height on the Awapa Plateau recovery area
study site in south-central Utah, 2009-2010 ........................................................ 57

2-13

Tukey HSD post-hoc of shrub height on the Awapa Plateau recovery area study
site in south-central Utah, 2009-2010 .................................................................. 57

xi

3-1

Weights of Utah prairie dogs (Cynomys parvidens) trapped from 7/18/20099/10/2009 by treatment type, on the Awapa Plateau recovery area, south-central
Utah .................................................................................................................. 76

3-2

Analysis of weights of Utah prairie dogs, Cynomys parvidens, by treatment type
and time period, July-Aug. 2009 on the Awapa Plateau recovery area, southcentral Utah. ......................................................................................................... 77

A-1

Vegetation species percentages on the Awapa Plateau recovery area, Utah
compared by year and treatment .......................................................................... 96

xii
LIST OF FIGURES

Figure

Page

1-1

Current and historic distribution of Utah prairie dogs (Cynomys parvidens) ...... 21

1-2

Annual counts of Utah prairie dogs (Cynomys parvidens) on public and private
lands .................................................................................................................. 22

1-3

Annual counts of Utah prairie dogs (Cynomys parvidens) on the Awapa Plateau
recovery area in south-central Utah .................................................................... 23

1-4

Current populations of Utah prairie dogs (Cynomys parvidens) within recovery
areas .................................................................................................................. 24

2-1

Current populations of Utah prairie dogs (Cynomys parvidens) within recovery
areas .................................................................................................................. 58

2-2

Location of Awapa Plateau recovery area, Parker Mountain, Utah .................... 59

2-3

Total precipitation for Parker Mountain region in south-central Utah, 1986-2011
as averaged between Donkey Reservoir and U.M. Creek/Black Flat Stations .... 60

2-4

Study area, located on the Awapa Plateau recovery area, in south-central Utah, by
treatment type....................................................................................................... 61

2-5

Estimated marginal means of forbs on the Awapa Plateau recovery area study site
in south-central Utah, 2009-2010 ........................................................................ 62

2-6

Estimated marginal means of live shrub canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010.................................. 63

2-7

Estimated marginal means of dead shrub canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010.................................. 64

3-1

Current populations of Utah prairie dogs (Cynomys parvidens) within recovery
areas .................................................................................................................. 78

3-2

Location of Awapa Plateau recovery area, Parker Mountain, Utah. ................... 79

3-3

Total precipitation for Parker Mountain region in south-central Utah, 1986-2011
as averaged between Donkey Reservoir and U.M. Creek/Black Flat Stations .... 80

xiii
3-4

Study area, located on the Awapa Plateau recovery area, Utah, by
treatment type....................................................................................................... 81

3-5

Utah prairie dog (Cynomys parvidens) radio collar design used for this research
on the Awapa Plateau recovery area study site in south-central Utah, 7/18/20099/10/2009 ............................................................................................................. 82

3-6

Histogram of counts conducted in study plots on the Awapa Plateau recovery
area, south-central Utah in summer 2009 ............................................................ 83

A-1

Comparison of grazed and ungrazed plots after fall grazing treatment on the
Awapa Plateau recovery area, Utah. .................................................................... 97

A-2

Comparison of grazed and ungrazed plots after fall grazing treatments on the
Awapa Plateau recovery area, Utah. .................................................................... 98

CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

DESCRIPTION AND LIFE HISTORY
Prairie dogs (Cynomys spp.) belong to the order Rodentia, family Sciuridae, and
genus Cynomys (Hafner 1984). Utah prairie dogs (C. parvidens) belong to the subgenus
Leucocrossuromys, along with white-tailed prairie dogs (C. leucurus) and Gunnison’s
prairie dogs (C. gunnisoni) (Pizzimenti 1975). Prairie dogs are colonial, burrowing
squirrels (Hafner 1984). Adult Utah prairie dogs are identified by their cinnamon-clay
color, a dark mark above and below the eye, and white on the distal half of the tail
(Durrant 1952). Adult body mass in prairie dogs is sexually dimorphic. Depending on
the time of year, the body mass of Utah prairie dogs ranges from 800-1100 g in males and
600-800 g in females (Hoogland 2003). Adult length ranges from 305-360 mm (U.S.
Fish and Wildlife Service [USFWS] 1991).
Utah prairie dogs are organized into territorial social groups called clans
consisting of an adult male, several adult females, and their young. Clans maintain
geographic territorial boundaries, although they share feeding grounds. Adult females
are responsible for caring for young and alerting others to danger within the group
(Wright-Smith 1978). McDonald (1993) reported that social behaviors are extremely
important to the survival of the individuals within a colony.
Utah prairie dogs hibernate. Hibernation can begin as early as August and as late
as December. The date hibernation begins is dependent on site elevation, sex, age,
environmental variation, and food availability (USFWS 1991, Lehmer and Biggins
2005). Adult males will begin hibernation several weeks before adult females. Juveniles
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will follow 1-2 months after adults (USFWS 1991). This lag time is thought to be due to
juveniles and females requiring more time to build additional fat stores (McDonald
1993). Death during hibernation is common due to predation, insufficient adipose
deposits, disease, or physiological malfunctions (Clark 1977). Hoogland (1995) found
over-winter survivorship varies directly with body mass for adults, yearlings, and
juveniles. Mackley (1988) attributed high mortality of juveniles (73%) mainly to lack of
over-winter survival.
Adult Utah prairie dogs usually emerge from hibernation from February-April,
depending on conditions. Mating occurs directly after emergence and gestation lasts 30
days. Utah prairie dogs normally produce 1 litter per year. Young are born in burrows
and usually emerge late May-early July at 5-7 weeks of age (USFWS 1991). Utah prairie
dogs have variable litter sizes. Pizzimenti and Collier (1975) reported a litter size of 3-6,
with a mean litter size of 4.8. Wright-Smith (1978) reported a litter size from 1-6, with a
mean litter size of 3.9. Sex ratio at birth is 1:1 (Mackley 1988). By October young are
physically indistinguishable from adults. Utah prairie dogs are sexually mature at 1 year
(USFWS 1991). Surviorship during the first year is <50% (Hoogland 2001). Mortality is
high at all age classes. Mackley (1988) reported mortality rates for juveniles to be 76.5%
and 68.5% for males and females, respectively. Mortality rates for 1 year olds were
61.7% and 28.6% for males and females, respectively. Adult Utah prairie dog sex ratio is
skewed 1:1.8 toward females (Mackley 1988). Maximum age for Utah prairie dogs is
thought to be 4 years (McDonald 1993). Mackley’s (1988) research indicated at least
5.3% of Utah prairie dogs will reach 3 years old.
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Male juveniles disperse from their parturition burrows during their first summer
(late June, early July) (Clark 1977). Garrett and Franklin (1988) reported survival of
dispersers to be poor (56%), but noted that enhanced food resources may negate some of
the stresses. Mackley (1988) reported that 12% of Utah prairie dogs dispersed annually,
with an average distance of 0.56 km. Most Utah prairie dogs remain in the natal colony
for life (Hoogland et al. 2006).

CURRENT AND HISTORIC DISTRIBUTION
The Utah prairie dog is the most western member of the Cyonomys genus.
Historically Utah prairie dogs occupied 9 counties in Utah (Hardy 1937). Their historic
range is reported to have extended west across the Great Basin Desert near the UtahNevada state line, north to Juab County, southeast to Bryce Canyon National Park, east to
the foothills of the Aquarius Plateau, and south to northern Kane and Washington
counties (Durrant 1952, McDonald 1993). Currently Utah prairie dogs are found in 7
counties in southern and central Utah: Sevier, Piute, Wayne, Garfield, Kane, Beaver, and
Iron. The Utah prairie dog inhabits about 50% of its historic range (Collier and Spillet
1975) (Figure 1-1).

McDonald (1993) estimated the population of Utah prairie dogs to

have been 95,000 individuals in 1920, before control programs. By 1972 the population
estimate was 3,300 (Collier and Spillet 1973). Populations have increased since that
time. As of 2007, it was estimated that 75% of all Utah prairie dogs occur on private
lands (Toombs 2007). The Awapa Plateau recovery area contains approximately 10% of
all Utah prairie dogs (USFWS 2008).
In 1975, the Utah Division of Wildlife Resources (UDWR) initiated Utah prairie
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dog spring surveys (Figs. 1-2 and 1-3). Surveys occur from March-June, before the
young emerge, in optimal weather to gather the most accurate estimate of adults. All
public lands with known colonies and some private lands are surveyed, although it must
be assumed not all colonies on public lands have been located (USFWS 2008). These
surveys are believed to underestimate the number of adult animals as only 40-60% of
individuals are above ground at one time (Crocker-Bedford 1975). Terrain and
vegetation are also problematic to surveyors. However, surveys do monitor population
trends over time. Counts on the Awapa Plateau recovery area conducted on public and
private lands increased from 367 (1990) to 571 (2005), however survey results over the
past 30 years have shown considerable variation due to annual climate conditions and
plague outbreaks (Figs. 1-2 and 1-3). Overall, the Utah prairie dog population is
currently relatively stable (USFWS 2008).

HABITAT REQUIREMENTS
The USFWS (1991) identified habitat loss and degradation as major threats
impacting Utah prairie dog survival. The Utah Prairie Dog Recovery Implementation
Team (UPDRIT) reported that most of the highest quality original habitat has been
converted to agricultural or urban land uses (UPDRIT 1997). Roberts et al. (2000) and
UPDRIT (1997) identified preservation of existing prairie dog colonies critical for
survival of the species. Correspondingly, improving habitat quality in areas currently
supporting Utah prairie dogs is an important conservation strategy.
Because Utah prairie dogs receive most of their moisture from plant materials
they prefer swales where moist forage is available (Collier 1974, Crocker-Bedford and
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Spillet 1981). Crocker-Bedford (1976) reported a positive correlation between available
plant moisture and prairie dog abundance and density. In addition, deep, well drained
soils are needed to avoid temperature extremes and predators (Crocker-Bedford 1975,
Coffeen and Pederson 1989). Prairie dog burrows can be up to 3.3 m deep (Coffeen and
Pederson 1989).
Drought appears to be the single most important factor influencing the
distribution of Utah prairie dogs (Collier and Spillett 1975). Climate change, as a top-tier
threat, poses a significant conservation concern because of increased potential for
prolonged drought cycles (Wagner 2009). The southern Utah climate has become
progressively drier over the last several thousand years. This has reduced habitat quality
by altering vegetation communities favoring deep-rooted shrubs over shallow rooted
grasses. This trend could be exasperated by human-caused climate change which is
expected to increase frequency and duration of droughts thereby continuing to alter
vegetation communities Utah prairie dogs are dependent on (USFWS 2008).
Historic long-term over-grazing has contributed to significant habitat losses.
Over-grazing on Utah prairie dog habitat has caused a vegetation shift from grass
dominated areas to shrub dominated areas (USFWS 1991). This increase in shrubs has
reduced palatable grasses even on uplands in Utah (Cottam 1961, DeVos 1969, USFWS
1991). Invasion of woody species in part has caused the elimination of the Utah prairie
dog in the Escalante Desert (Collier and Spillet 1973). It has been well documented that
herbaceous species decline when associated with shrubs such as sagebrush (Artemesia
spp.) and rabbitbrush (Chrysothamnus spp.) (Ellison 1960, DeVos 1969, Collier and
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Spillet 1973, Tueller and Blackburn 1974).
High shrub density has been shown to be detrimental to Utah prairie dogs (Collier
and Spillet 1973). Elmore and Workman (1976) determined that in nearly all historic
prairie dog towns shrub height and density were the limiting factor for reintroductions of
the species. They also observed prairie dogs clipping sagebrush branches near burrow
openings if visibility was impaired. Prairie dogs will rarely enter vegetation they cannot
see through or over (Koford 1958). Collier (1974) reported that areas with vegetation
taller than 31 cm seemed to be avoided by Utah prairie dogs. Vegetation height must be
low enough to allow prairie dogs to scan their environment while standing, even if not on
mounds (Crocker-Bedford 1975).
Palatable early spring forage is a major limiting factor for Utah prairie dog
populations (Crocker-Bedford and Spillet 1981). Adult females require almost twice as
much energy per day (compared to summer) from April to June due to gestation and
lactation efforts (Crocker-Bedford and Spillet 1981). Fifty two to 68% of the total annual
grazing takes place from March to mid June (Crocker-Bedford 1976). Cool season
forage is positively correlated with Utah prairie dog density, as cool season grasses
comprise 44-80% of their diet. (Crocker-Bedford 1976, Hasenyager 1984). On average,
grasses are preferred 10 times that of forbs. Wild buckwheats (Erigonum spp.), while in
seed, are the only forbs shown to be preferred over grasses (Hasenyager 1984).
Utah prairie dogs usually select plants’ flowers and seeds over the leaves,
although when leaves are consumed the youngest leaves are selected for (CrockerBedford and Spillet 1981). Crocker-Bedford and Spillet (1981) found that insects
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(cicadas) are preferred over vegetation, but invertebrates were only available during late
spring and were difficult to catch. Dead vegetation and cattle feces were preferred over
shrubs by young Utah prairie dogs, but are not consumed in high amounts. Generally
shrubs are not preferred (Hasenyager 1984, Crocker-Bedford and Spillet 1981).
Plant species richness has also been correlated with higher juvenile to adult ratios
(Cheng and Ritchie 2006). Ritchie (1999) noted frequency of Utah prairie dog colony
extinction declined dramatically as the number of locally occurring plant species
increased. This can be attributed to more diverse plant communities containing species
that are palatable during frequent dry seasons and years (Ritchie 1999).
Habitat recommendations at high elevation colonies (sites above 2,200 m) are as
follows: well-drained soils for winter-spring home burrows, vegetation that is low and
sparse enough to see through and over, cool season grasses, and moist palatable forage
throughout the summer (Crocker-Bedford and Spillet 1981). Specific cover guidelines
are: warm season grasses 1-20%, cool season grasses 12-40%, forbs 1-10%, and shrubs
0-8% (UPDRIT 1997). If warm season grasses are less than 3% then forb cover must be
11-20%. At least 3 species of cool season grasses should be present, with at least 1 being
native, forbs should be perennial, and shrub canopy cover should not exceed 10% (Table
1-1).

DISEASE AND PREDATION
Sylvatic plague (Yersinia pestis), a non-endemic epizootic, became established in
the New World in 1900 (Eskey and Haas 1939, Hampton 1940). Plague was present in
central Utah as of 1936 (Hampton 1940). Prairie dogs have evolved very little resistance
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to plague, so usually all residents within a colony die within weeks after first occurence
(Eskey and Haas 1939, Clark 1977, McDonald 1993). Fleas (Siphonaptera) are the major
vectors for the disease (Barnes 1982, Menkens and Anderson 1991, Anderson and
Williams 1997) Consequences resulting from plague include local extirpation of
colonies, reduced colony size, increased variance in local population sizes, and increased
distance between colonies (Cully and Williams 2001). Little information exists regarding
plague epizootics in Utah prairie dogs making prediction of movement, impact, and
timing of outbreaks impossible (USFWS 2008). Application of deltamethrin to burrows
is an effective way to exterminate fleas. An outbreak of plague was confirmed on the
Awapa Plateau recovery area in 2005.
Coyote (Canis latrans), American badger (Taxidea taxus), long-tailed weasals
(Mustela frenata), various raptors, and humans are listed as the major predators of the
Utah prairie dog (Hoogland et al. 2006, USFWS 1991). Hoogland et al. (2006) reported
red fox (Vulpes vulpes) and northern goshawk (Accipter gentilis) as the major predators
of a population of Utah prairie dogs in Bryce Canyon National Park, Utah. Based on an
unusually high instance of predation events at their study site in 2005 they were able to
document a higher vulnerability of juveniles, breeding males, and pregnant females to
predation. A single individual was responsible for all documented red fox (Vulpes
vulpes) predation events. American badgers, reported to be the most important Utah
prairie dog predator, may exert relatively little influence on population (Collier and
Spillet 1972). Previous to the 2005 study, a 10 year dawn-to-dusk study at Bryce Canyon
National Park, Utah only documented 7 predation events (Hoogland et al. 2006).
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Overall, predation has never been considered a threat to healthy Utah prairie dog colonies
(USFWS 2008).

CONSERVATION STRATEGIES
The Utah prairie dog was listed by the USFWS as an endangered species in 1973
(38 FR 14678) because of range wide population declines. The declines were attributed
to poisoning programs, plague, habitat loss, development, and overgrazing (USFWS
1991). Poisoning campaigns, brought about in an effort to control damage to agriculture
and livestock, were responsible for reducing acreages utilized by Utah prairie dogs by as
much as 95% by 1971 (Collier and Spillet 1975). Use of toxicants by federal agencies
was terminated in 1963 and outlawed as a method of take in 1973 (McDonald 1993).
Population increases since 1973 on private lands lead to the species reclassification to
threatened in 1984 (49 FR 22330). Recovery efforts have been in effect since 1972
(McDonald 1993).
A recovery plan for the Utah prairie dog was formally approved by USFWS in
1991 with the goal of recovering and delisting the species. The plan identified continuing
threats to the species as habitat degradation, overgrazing, fire control, climate change,
drought, disease, and physiographic barriers to population expansion. The Utah Prairie
Dog Revised Recovery Plan Draft (2008) revised these threats into levels ranking plague,
climate change, and urban expansion as top-tier threats. Mid-tier threats include grazing,
cultivated agriculture, vegetation community changes, invasive plants, and off- highway
recreational vehicle use.
The changing climate is expected to have serious implications for Utah prairie
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dogs. Ikeda (2010) reported Utah prairie dogs to lose 96% of their current habitat by
2100 shifting landscapes. In addition, the models predicted future suitable habitat to
maintain climatic variables that are likely conducive to plague outbreaks.
To address conflicts between agricultural landowners UDWR, under a special rule
4(d), issues take permits between June and December where damage from Utah prairie
dogs is occurring. Even so, USFWS (2008) still reported unauthorized take of the species
throughout its range, however the USFWS believed this is a lowest-tier threat.
The Utah Prairie Dog Recovery Plan established 3 recovery areas for the species:
the West Desert, the Awapa Plateau, and the Paunsagunt Area (Fig. 1-4). The revised
criteria established to delist the species included: 1) at least 6,070 ha [15,000 acres] of
occupied habitat on public and private lands is protected, with a minimum of 50%
protected in perpetuity and the remaining enrolled in conservation agreements, allocated
evenly across recovery areas, i.e. 2,023.4 ha [5,000 acres] protected on the Awapa
Plateau recovery area; 2) at least 6,000 (3,000 per spring survey) adult animals
distributed across the 3 recovery areas with no less than 2,000 per recovery area within
protected habitat for 5 consecutive years; 3) managements strategies in place to respond
to threats from disease; 4) public education programs to reduce impacts from illegal take;
and 5) Utah prairie dog specific management strategies on protected lands to minimize
destruction and degradation of habitat (USFWS 2008). The Utah prairie dog population
on the Awapa Plateau was below recovery goals established in 1991 as revised in 2008.
In 2005, the USFWS approved 3 Utah prairie dog mitigation bank sites on the
Awapa Plateau recovery area on land managed by Utah School and Institutional Trust
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Lands (SITLA). In the agreements establishing the mitigation banks SITLA agreed to
enhance, restore, and protect in perpetuity occupied and suitable Utah prairie dog habitat
on these sites. In exchange, SITLA earned credits which may be used or sold to offset
impacts to Utah prairie dogs in other areas. In effect, the mitigation sites allowed for
compensatory offset of take.
Roberts et al. (2000) suggested that species’ survival in all 3 recovery areas is far
from assured. Models the authors created based on what was currently known about
fecundity, survival, population structure, catastrophic events, etc. showed a virtual
certainty of extinction within 200 years, with a high probability of extinction occurring
sooner. They reported the Awapa Plateau to be the population with the greatest risk of
extinction due to few and sparsely distributed colonies not being able to rebound from a
catastrophic event such as plague.

GRAZING AND HERBICIDE MANAGEMENT
Grazing studies conducted in mixed-grassland habitats have shown a facilitative
relationship between large grazers and black-tailed prairie dogs (C. ludovicianus)
(Knowles 1986, Krueger 1986, Licht and Sanchez 1993). Cattle can benefit black-tailed
prairie dogs by causing short, warm season grasses to increase in abundance (Koford
1958). However, abundance of cool season grasses rather than warm season grasses are
necessary for Utah prairie dogs (Crocker-Bedford and Spillet 1981). Collier (1974) noted
that ungrazed plots adjacent to Utah prairie dog towns were used infrequently, however
Cheng and Ritchie (2006) reported a negative effect between simulated grazing and Utah
prairie dogs in a sagebrush steppe habitat. Koford (1958) found short-term cattle grazing
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to be beneficial to Utah prairie dogs because grazing produce more young, palatable
leaves, and reduced tall dense grass cover. Crocker-Bedford and Spillet (1981)
concluded that cattle probably do not compete with Utah prairie dogs because the animals
preferring the shorter, young vegetation which cattle cannot reach. Elmore (2006)
studied the effects of cattle grazing intensities on Utah prairie dogs. He found only high
intensity cattle grazing impacted Utah prairie dog foraging behavior. In summary,
previous research suggests that cattle grazing can be compatible with Utah prairie dogs as
long as the amount of forage taken by cattle does not compete with Utah prairie dogs or
alter the vegetation composition.
Elmore (2006) subsequently recommended that dormant season grazing by
domestic sheep be evaluated as an alternative strategy to maintain and enhance Utah
prairie dog habitat on the Awapa Plateau in Utah. Shrub consumption by sheep tends to
increase in the fall months (Seefeldt 2005). Mueggler (1950) and Laycock (1967) found
fall grazing with sheep on three-tip sagebrush (A. tripartite) to decrease sagebrush and
increase native perennial forbs.
Crocker-Bedford and Spillet (1981) suggested manipulation by fire, mechanical,
or chemical means was necessary in areas of tall, dense shrubs. A lower incidence of fire
has been implicated as a factor increasing shrub cover over time. However prescribed
fire was not feasible for my study area because of low fuel loads. In addition, mechanical
treatments would be impeded because of the shallow soils and rocky terrain (Elmore
2006).
Herbicide treatments are generally considered an economical method to increase
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forage production in sagebrush steppe (Holecheck and Hess 1994). Previous chemical
treatments using tebuthiuron (Spike) in black sagebrush (A. nova) reduced canopy cover
to less than 4% (R. Torgerson, SITLA, personal communication). Player and Urness
(1982) reported possible positive lag effects from the use of herbicide in Utah prairie dog
habitat. They observed individuals moving into an herbicide treated area 3 years posttreatment. They attributed this lag time to shrub skeletal remains taking time to
deteriorate.
Overall, little information exists regarding how to manage sagebrush dominated
rangelands effectively for Utah prairie dogs. The objectives of my research were to
evaluate: 1) the effect of high intensity sheep grazing (> 70% utilization) and low
application of tebuthiuron (1.68 kg/ha) on habitat quality, and 2) document Utah prairie
dog responses to the habitat manipulation on the Awapa Plateau recovery area.

LITERATURE CITED
Allen, J.A. 1905. Mammals from Beaver County, Utah. Collected by the museum
expedition of 1904. Bulletin of Museum Science, Brooklyn Institute of Arts and
Science 1:117-122.
Anderson, S.H., and E.S. Williams. 1997. Plague in a complex of white-tailed prairie
dogs and associated small mammals in Wyoming. Journal of Wildlife Diseases
33:720-732.
Bonzo, T.G., and K. Day. 2002. Utah prairie dog recovery efforts 2002 annual report to
USFWS. Utah Division of Wildlife Services. Publication Number 03-47. Cedar
City, Utah, USA.

14
Barnes, A.M. 1982. Surveillance and control of bubonic plague in the United States.
Symposium of the Zoological Society of London 50:237-270.
Cheng, E., and M. E. Ritchie. 2006. Impacts of simulated livestock grazing on Utah
prairie dogs (Cynomys parvidens) in a low productivity ecosystem. Oecologia
147: 546-555.
Clark, T.W. 1977. Ecology and ethology of the white-tailed praire dog (Cynomys
leucurus). (Publications in Biology and Geology, No. 3) Milwaukee Public
Museum, Milwaukee, Wisconsin, USA.
Coffeen, M.P., and J.C. Pederson. 1989. Transplant techniques for the Utah prairie dog
(Cynomys parvidens). Unpublished Report. Utah Division of Wildlife Resources,
Cedar City, USA.
Collier, G.D. 1974. The Utah prairie dog: abundance, distribution, and habitat
requirements. Dissertation. Utah State University, Logan, USA.
Collier, G.D., and J.J. Spillet. 1972. Status of the Utah prairie dog (Cynomys parvidens).
Utah Academy of Science and Arts Letters 49:27-39.
Collier, G.D., and J.J. Spillet. 1973. The Utah prairie dog- decline of a legend. Utah
Science 34:83-87.
Collier, G.D., and J.J. Spillet. 1975. Factors influencing the distribution of the Utah
prairie dog, Cynomys parvidens (Sciuridae). The Southwestern Naturalist 20:151158.
Cottam, W.P. 1961. Our renewable wildlands- a challenge. University of Utah Press, Salt
Lake City, USA.

15
Crocker-Bedford, D. 1975. Utah prairie dog habitat evaluation. Proceedings of Utah
Wildlife Technical Meeting.
Crocker-Bedford, D. 1976. Food interactions between Utah prairie dogs and cattle.
Thesis. Utah State University, Logan, USA.
Crocker-Bedford, D., and J.J. Spillett. 1981. Habitat relationships of the Utah prairie dog.
Publication Number 1981-0-677-202/4. U.S. Department of Agriculture, Forest
Service, Intermountain Region, Ogden, Utah, USA.
Cully, J.F., and E.S. Williams. 2001. Interspecific comparisons of sylvatic plague in
prairie dogs. Journal of Mammolgy 82:894-905.
DeVos, A. 1969. Ecological conditions affecting the production of wild herbivorous
mammals on grasslands. Advances in Ecological Research 6:137-183.
Durrant, S.D. 1952. Mammals of Utah. University of Kansas Publications, Museum of
Natural History, Lawrence, USA.
Ellison, L. 1960. Influences of grazing on plant succession of rangelands. Botanical
Review. 26:1-78.
Elmore, R.D. 2006. Recovery of the Utah prairie dog: public perception and cattle
grazing as a management tool. Dissertation. Utah State University, Logan, USA.
Elmore, S., and G. Workman. 1976. A baseline study of the past and present status of the
Utah prairie dog (Cymonys parvidens) in Bryce Canyon National Park. Utah State
University, Logan, USA.
Eskey, C.R., and V.H. Haas. 1939. Plague in the western part of the United States:
Infection in rodents, experimental transmission by fleas, and inoculation tests for

16
infection. Public Health Reports 54:1467-1481.
Garrett, M.G., and W.L. Franklin. 1988. Behavior ecology of dispersal in the black-tailed
prairie dog. Journal of Mammalogy 69:236-250.
Hafner, D.J. 1984. Evolutionary relationships of the Nearctic Sciuridae. Pages 3-23 in
J.O. Murie and G.R. Michener, editors. The biology of ground squirrels.
University of Nebraska Press, Lincoln, USA.
Hampton, B.C. 1940. Plague in the United States. Public Health Reports 55:1143-1157.
Hardy, R. 1937. Extension of the ranges of prairie dogs of the genus Cynomys in Utah.
Utah Academy of Science 14:197-198.
Hasenyager, R.N. 1984. Diet selection of the Utah prairie dog (Cynomys parvidens) as
determined by histological fecal analysis. Thesis. Utah State University, Logan,
USA.
Holechek, J.L. and K. Hess, Jr. 1994. Brush Control Considerations: A Financial
Perspective. Rangelands 16:193-196.
Hoogland, J. L. 1995. The black-tailed prairie dog: social life of a burrowing mammal.
The University of Chicago Press, Chicago, Illinois, USA.
Hoogland, J.L. 2001. Black-tailed, Gunnison’s, and Utah prairie dogs reproduce slowly.
Journal of Mammalogy 82:917-927.
Hoogland, J.L. 2003. Sexual dimorphism of prairie dogs. Journal of Mammalogy 84:
1254-1266.
Hoogland, J.L., K.E. Cannon, L.M. DeBarbieri, and T.G. Manno. 2006. Natural History
Miscellany: Selective predation on Utah prairie dogs. The American Naturalist

17
168:546-552.
Ikeda, D.H. 2010. The conservation ecology of Cynomys parvidens: predicting the
potential species distribution and the impact of climate change. Thesis. Northern
Arizona University, Flagstaff, USA.
Knowles, C.J. 1986. Some relationships of black-tailed prairie dogs to livestock grazing.
Great Basin Naturalist 46:198-203.
Koford, C.B. 1958. Prairie dogs, white faces, and blue gramma. Wildlife Monographs
3:1-78.
Krueger, K. 1986. Feeding relationships among bison, pronghorn, and prairie dogs: an
experimental analysis. Ecology 67:760-770.
Laycock, W.A. 1967. How heavy grazing and protection affect sagebrush-grass ranges.
Journal of Range Management 20:206-213.
Lehmer, E.M., and D.E. Biggins. 2005. Variation in torpor patterns of free-ranging blacktailed and Utah prairie dogs across gradients of elevation. Journal of Mammology
86:15-21.
Licht, D.S., and K.D. Sanchez. 1993. Association of black-tailed prairie dog colonies
with cattle point attractants in the northern Great Plains. Great Basin Naturalist
53:385-389.
Mackley, J.W. 1988. Dispersal and life history of the Utah prairie dog (Cynomys
parvidens) following habitat modifications. Thesis. Brigham Young University,
Provo, Utah, USA.
McDonald, K.P. 1993. Analysis of the Utah prairie dog recovery program, 1972-1992.

18
Publication 96-16, Utah Division of Wildlife Resources, Cedar City, USA.
Menkens, G.E., and S.H. Anderson. 1991. Population dynamics of white-tailed prairie
dogs during an epizootic of sylvatic plague. Journal of Mammolgy 72:328-331.
Mueggler, W.F. 1950. Effects of spring and fall grazing by sheep on vegetation of the
Upper Snake River Plains. Journal of Range Management 3:308-315.
Pizzimenti, J.J. 1975. Evolution of the prairie dog genus Cynomys. Occasional Papers of
the Natural History, University of Kansas 39:1-73.
Pizzimenti, J.J., and G.D. Collier. 1975. Cynomys parvidens. Mammalian Species 56:1-2.
Player, R.L., and R.J. Urness. 1982. Habitat manipulation for reestablishment of Utah
prairie dogs in Capitol Reef National Park. Great Basin Naturalist 42:517-523.
Ritchie, M.E. 1999. Biodiversity and reduced extinction risks in spatially isolated rodent
populations. Ecology Letters 2:11-13.
Roberts W.M., J.P. Rodriguez, T.C. Good, and A.P. Dobson. 2000. Population viability
analysis of the Utah prairie dog. Environmental Defense Report, Washington DC,
USA.
Seefeldt, S.S. 2005. Consequences of selecting Rambouillet ewes for mountain big
sagebrush (Artemisia tridentate ssp. vaseyana) dietary preference. Rangeland
Ecology and Management 58:380-384.
Toombs, T.P. 1997. Utah prairie dog habitat evaluation guide. Environmental Defense,
Washington DC, USA.
Tueller, P.T., and W.H. Blackburn. 1974. Condition and trend of the big
sagebrush/needle-and thread grass habitat type in Nevada. Journal of Range

19
Management 27:36-40.
Utah Division of Wildlife Resources. 2009. Index of available GIS data. Utah threatened,
endangered, and sensitive species occurrences.
<http://dwrcdc.nr.utah.gov/ucdc/downloadgis/disclaim.htm>. Accessed 19 April
2010.
Utah Prairie Dog Implementation Team. 1997. Utah prairie dog interim conservation
strategy.
US Fish and Wildlife Service.1991. Utah prairie dog recovery plan. USFWS, Denver,
Colorado, USA.
US Fish and Wildlife Service. 2008. Utah prairie dog (Cynomys parvidens) recovery
plan. Technical/agency draft. USFWS, Denver, Colorado, USA.
Wagner, F. H. 2009. Climate warming in western North America: evidence and
environmental effects. The University of Utah Press. Salt Lake City, USA.
Wright-Smith, M.A. 1978. The ecology and social organization of Cynomys parvidens in
south-central Utah. Thesis. Indiana University, Bloomington, USA.

20
Table 1-1. Vegetation requirements of the Utah prairie dog (Cynomys parvidens) (Utah
Prairie Dog Recovery Plan Implementation Team 1997).
Vegetation Type
Warm-season
grass

% of Ground
Cover
15-20%

Additional Requirements

Species Examples

If WSG <3%, then forbs must
be 11%-20%

sand dropseed,
curlygrass, mountain
muhly, grama grass
Indian ricegrass,
squirreltail, western
wheatgrass, crested
wheatgrass, needle
and thread grass,
bluegrass, wildrye
astragalus, alfalfa,
aster, Cymopterus
spp., buckwheat,
fleabane, Penstemon
spp., cinquefoil,
phlox, globemallow,
vetch, Cryptantha
spp., lupine,
crazyweed, clover,
goosefoot or pigweed
sagebrush, big
rabbitbrush,
greasewood,
fourwing saltbrush,
and broom snake
weed. Desirable
subshrubs include
forage kochia,
winterfat, Gardiner
saltbrush, little
rabbitbrush

Cool-season grass

12%-40%

At least 3 species, with at
least 1 native

Forb

1%-10%

Non-annual and minimum of
1% must be species examples

Shrub

0%-8%

<10% canopy cover

Plant Diversity

> 10 species
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Figure 1-1. Approximate historic and current distribution of Utah prairie dogs (Cynomys
parvidens) (adapted from Bonzo and Day 2002; Utah Division of Wildlife Resources
2009).
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Figure 1-2. Annual counts of Utah prairie dogs (Cynomys parvidens) on public and
private lands (Bonzo and Day 2002, unpublished data Utah Division of Wildlife
Resources 2010).
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Figure 1-3. Annual counts of Utah prairie dogs (Cynomys parvidens) on the Awapa
Plateau recovery area in south-central Utah (Bonzo and Day 2002, unpublished data Utah
Division of Wildlife Resources 2010).
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Figure 1-4. Current populations of Utah prairie dogs (Cynomys parvidens) within
recovery areas (adapted from U.S. Fish and Wildlife Service 1991; Utah Division of
Wildlife Resources 2009).
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CHAPTER 2
EFFECTS OF INTENSIVE SHEEP GRAZING AND LOW TEBUTHIURON
APPLICATION ON VEGETATION CHARACTERISTICS RELATIVE
TO UTAH PRAIRIE DOG HABITAT REQUIREMENTS

ABSTRACT: The Utah prairie dog (Cynomys parvidens) was listed by the U.S. Fish
and Wildlife Service as an endangered species in 1973 because of range wide population
declines and reclassified to threatened in 1984 when populations increased on private
lands. The lack of suitable habitat, particularly cool season grass cover, was identified as
the primary factor impeding species recovery. Optimal Utah prairie dog habitat
requirements include low shrub cover (0-8%), abundant cool-season grass cover (1240%), and perennial forb cover (1-10%). Cool-season grasses are critical forage for Utah
prairie dogs because of the species high spring energy requirements. Previous research
suggested reducing shrub canopy in potential prairie dog habitat may improve overall
habitat quality. From 2008-2010, I studied the effects of high intensity fall sheep grazing
and a low application of herbicide (tebuthiuron) on ten, 4 ha randomly-selected in
occupied Utah prairie dog habitat located on the Awapa Plateau recovery area in southcentral Utah. To conduct this experiment, I used 1700 ewes to graze five plots for 3-4
days to achieve 72-90% utilization and applied tebuthiuron (1.68 kg/ha) to the remained
five experimental plots in the fall of 2008. Vegetation measurements (grass, forb, live
and dead shrub cover, and shrub height) were recorded in June 2009 and 2010 and
compared to controls. Percent grass cover did not differ between my control and
experimental plots. However, forb canopy cover in grazed plots increased compared to
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controls from year 1 (P=0.104) to year 2 (P=0.008). Grazing reduced live shrub canopy
cover in year 1 (P<0.001) and in year 2 (P=0.015). Grazed plots also exhibited less live
shrub canopy cover compared to herbicide plots in year 1 (P<0.001). Grazing also
increased dead shrub canopy cover compared to controls and herbicide plots in year 1
(P<0.001). The herbicide treated plots exhibited less grass cover than controls (P=0.034)
and reduced live shrub lowered canopy cover compared to control plots in year 2
(P=0.002). Dead shrub canopy cover increased on the herbicide treated plots compared
to controls (P=0.006) and grazed plots (P=0.008) in year 2. Shrub height was lower on
both the herbicide (P=0.010) and grazed (P=0.026) plots. Intensive sheep grazing and
tebuthiuron application reduced shrub cover but did not yield the desired increase in grass
cover. Percent grass cover decreased in both control and treatment plots between Year 1
and 2. However, the magnitude of the decrease was less on the treatments than the
control. The failure of these treatments to increase grass cover may be reflection of the
low inherent site productivity, below normal precipitation, and wildlife herbivory.
Climate change models suggest the Awapa Plateau will receive less precipitation in the
future further complicating Utah prairie dog recovery (Wagner 2009).

INTRODUCTION
The Utah prairie dog (Cynomys parvidens) was listed by the U.S. Fish and
Wildlife Service (USFWS) as an endangered species in 1973 (38 FR 14678) because of
range wide population declines. The declines were attributed to poisoning programs,
plague, habitat loss, development, and overgrazing (USFWS 1991).
Population increases on private lands contributed to the species reclassification to
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threatened in 1984 (USFWS 49 FR 22330). Recovery efforts have been in effect since
1972 (McDonald 1993). A recovery plan for the Utah prairie dog was formally approved
by USFWS in 1991 with the goal of recovering and delisting the species. The plan
established 3 recovery areas for the species: the West Desert, the Awapa Plateau, and the
Paunsagunt Area (Fig. 2-1).
Roberts et al. (2000) and the Utah Prairie Dog Recovery Implementation Team
(UPDRIT) identified preservation of existing prairie dog colonies as important to the
survival of the species because most of the best original habitat is now intensively farmed
or has been converted to urban uses (UPDRIT 1997).
Drought was identified as an important factor influencing the distribution of Utah
prairie dogs (Collier and Spillett 1975). Thus climate change, considered a top-tier threat
remains an important concern because of the potential to prolong drought cycles
(USFWS 2008, Wagner 2009). Drought reduces the vigor of grasses and causes
vegetation changes similar to that of over-grazed areas (DeVos 1969). Drought has been
identified as the cause of several near eliminations of Utah prairie dog populations
(Collier and Spillett 1973, Collier and Spillett 1975). The southern Utah climate has
become progressively drier over the last several thousand years. This has reduced habitat
quality by altering vegetation communities to higher densities of shrubs and lower
densities of grasses (USFWS 2008). Ikeda (2010) used climate change models to predict
Utah prairie dog habitat over the next century and established current suitable habitat to
be reduced by 96% within that time frame.
Historic long-term over-grazing has caused significant loss of habitat. The
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introduction of domestic stock has caused cover of desert and semi-arid shrubs to greatly
increase their range and abundance (DeVos 1969). Continuous over-grazing on Utah
prairie dog habitat has caused a vegetation shift from grass dominated areas to shrub
dominated areas (Pickford 1932, USFWS 1991). This increase in shrubs has reduced
palatable grasses even on uplands in Utah (Pickford 1932, Cottam 1961, DeVos 1969,
USFWS 1991). Invasion of woody species in part caused the elimination of the Utah
prairie dog in the Escalante Desert (Collier and Spillet 1973). Herbaceous species tend to
decline when associated with shrubs such as sagebrush (Artemisia spp.) and rabbitbrush
(Chrysothamnus spp.) (Ellison 1960, DeVos 1969, Collier and Spillet 1973, Tueller and
Blackburn 1974). In addition, a range already in poor condition will improve very slowly
if it is continually grazed in the spring even at a light stocking rate (Mueggler 1950).
Shrub density is detrimental to Utah prairie dogs (Collier and Spillet 1973).
Elmore and Workman (1976) determined that in nearly all historic prairie dog towns
shrub height and density were the limiting factor for reintroductions of the species. They
also observed prairie dogs clipping sagebrush branches near burrow openings if visibility
was impaired. Prairie dogs will rarely enter vegetation they cannot see through or over
(Koford 1958). Collier (1974) reported that areas with vegetation taller 31 cm seemed to
be avoided by Utah prairie dogs. Vegetation height must be low enough to allow prairie
dogs to scan their environment while standing, even if not on mounds (Crocker-Bedford
1975).
Palatable early spring forage has also been identified as a major limiting factor for
Utah prairie dog populations (Crocker-Bedford and Spillet 1981). Adult females require
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almost twice as much energy per day (as compared to summer) from April to June due to
gestation and lactation efforts (Crocker-Bedford and Spillet 1981). Fifty two to 68% of
the total annual grazing takes place from March to mid June (Crocker-Bedford 1976).
Cool season forage is positively correlated with Utah prairie dog density as cool season
grasses comprise 44-80% of their diet. (Crocker-Bedford 1976, Hasenyager 1984). On
average, grasses are preferred 10 times that of forbs. In addition, plant species richness
has been correlated with higher juvenile to adult ratios (Cheng and Ritchie 2006).
Ritchie (1999) noted frequency of Utah prairie dog colony extinction declined
dramatically as the number of locally occurring plant species increased. This can be
attributed to more diverse plant communities containing species that are palatable during
frequent dry seasons and years (Ritchie 1999).
Habitat recommendations for high elevation colonies (sites above 2,200 m)
included: 1) a well drained area for winter-spring home burrows, 2) vegetation that is low
and sparse enough to see through, 3) young leaves of cool season grasses, and 4) moist
palatable forage throughout the summer (Crocker-Bedford and Spillet 1981). Specific
guidelines as revised by the UPDRIT included: 1) warm season grasses 1-20%, 2) cool
season grasses 12-40%, 3) forbs 1-10%, and 4) shrubs 0-8% (ground cover percentages)
(UPDRIT 1997). If warm season grasses are less than 3% then forb cover must be 1120%. At least 3 species of cool season grasses must be present, with at least one being
native, forbs must be perennial, and shrub canopy cover must not exceed 10% (Table 21).
Grazing studies have shown variable results for Utah prairie dogs. Grazing
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studies conducted in mixed-grassland habitats have shown a facilitative relationship
between large grazers and black-tailed prairie dogs (C. ludovicianus) (Knowles 1986,
Krueger 1986, Licht and Sanchez 1993). Livestock can benefit black-tailed prairie dogs
by causing warm season grasses to increase in abundance and by shortening the height of
vegetation (Koford 1958, Licht and Sanchez 1993). However, abundance of cool season
grasses not warm season grasses are necessary for Utah prairie dogs (Crocker-Bedford
and Spillet 1981). Collier (1974) noted that ungrazed plots adjacent to Utah prairie dog
towns were infrequently used, however Cheng and Ritchie (2006) reported a negative
effect between simulated grazing and Utah prairie dogs in sagebrush steppe habitat
including reduced individual growth rates, increased juvenile foraging time, and reduced
juvenile vigilance. Koford (1958) found short-term cattle grazing to be beneficial to Utah
prairie dogs because grazing increased young, palatable leaves, and because prairie dogs
avoid tall, dense grass. Crocker-Bedford and Spillet (1981) noted that cattle probably do
not compete with Utah prairie dogs due to Utah prairie dogs preferring the short, young
vegetation which cattle cannot reach. Elmore (2006) studied the effects of cattle grazing
intensities on Utah prairie dogs. He found only high intensity cattle grazing to negatively
affect Utah prairie dogs by increasing foraging time. In addition, high densities of large
mammalian grazers are likely to reduce plant diversity, which is important in prevention
of colony extinction (Pickford 1932, Ritchie 1999). Past research suggests that cattle
grazing can be compatible with Utah prairie dogs as long as the amount of forage taken
by cattle does not compete with Utah prairie dogs or alter the vegetation composition.
Elmore (2006) recommended that dormant season grazing by domestic sheep be
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evaluated as an alternative strategy to maintain and enhance mitigation site habitat. Shrub
consumption by sheep tends to increase in the fall months (Seefeldt 2005). Mueggler
(1950) reported sustained, good condition range from long-term fall sheep grazing on
sagebrush-grass range. Compared to other grazing regimes, forb and grass production
remained high while shrub production remained low. Laycock (1967), on the same study
area, found late fall sheep grazing on three-tip sagebrush (A. tripartite) followed by
spring deferment to improve deteriorated sagebrush-grass ranges by reducing sagebrush
and increasing grass and forb production. Bork et al. (1998) reported more perennial
grass and forb cover, and less shrub cover in these same long-term fall sheep grazed plots
as compared to the spring grazed plots and exclosures. Frischknect and Harris (1973)
reported fall sheep grazing in Utah can inhibit sagebrush by reducing the size of existing
plants therefore decreasing their reproductive capacity.
Crocker-Bedford and Spillet (1981) suggested manipulation by fire, mechanical,
or chemical means is necessary in areas of tall, dense shrubs. A lower incidence of fire
has been attributed to the increase in shrubs over time; however prescribed fire was not
feasible for this study area because of low fuel loads. In addition, mechanical treatments
would be impeded by shallow soils and rocky terrain.
Herbicide treatments were generally considered an economical method to increase
forage production in sagebrush steppe (Holecheck and Hess 1994). Chemical treatments
using tebuthiuron (Spike, (N-[5-(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N’dimethylurea), a photosynthetic inhibitor, in black sagebrush (A. nova) reduced canopy
cover to less than 4% (R. Torgerson, Utah School and Institutional Trust Lands, personal
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communication). Player and Urness (1982) noted possible positive lag effects from the
use of herbicide in Utah prairie dog habitat. They observed individuals moving into an
herbicide treated area 3 years after treatment. They attributed this lag time to shrub to the
time if took dead shrubs to deteriorate. Tebuthiuron treatments controlled big sagebrush
(A. tridentata) and increased cover of annual and perennial grasses when applied in dense
stands of big sagebrush (Clary et al. 1985, McDaniel and Balliette 1986, Whitson et al.
1988, Blumenthal et al. 2006). Whitson et al. (1988) reported perennial grass cover
increased from 10% to 52% in tebuthiuron treatments over a 4 year period in a big
sagebrush dominated range. Blumenthal et al. (2006) reported perennial grass cover
increased from 9% to 12.3% on a similar sagebrush dominated sites. Johnson et al.
(1996) reported forb and grass productivity and diversity tended to be greatest when big
sagebrush was thinned to 11-17% cover. Research showing similar effects of tebuthiuron
on grass cover in black sagebrush is lacking.
Overall, little information exists regarding how to manage high elevation
sagebrush dominated rangelands for Utah prairie dogs. The objectives of this research
were to evaluate 1) the effect of high intensity sheep grazing (> 70% utilization), and 2)
low-rate application of tebuthiuron (1.68 kg/ha) on Utah prairie dog habitat quality.

STUDY AREA
Research was conducted on the Awapa Plateau (Fig. 2-1), on an area more
commonly known as Parker Mountain. Parker Mountain, located in southern Utah, is in
Wayne, Piute, and Garfield Counties (Fig. 2-2) and comprises 96,078 ha. Parker
Mountain was predominately managed by School and Institutional Trust Lands
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Administration (SITLA) and Bureau of Land Management (BLM) (Caudill 2011). The
study area used for this research is managed by SITLA. The study area is at an elevation
of 2,670-2,700 m. Annual precipitation ranged between 40-50 cm, with most occurring
during the dormant season as snow and the rest in late summer as monsoons (Jaynes
1982). Precipitation was slightly below average throughout this study (Fig. 2-3). Parker
Mountain averaged 65-80 frost-free days. The average temperature was 3.8° C. The
mean maximum and minimum temperatures for January and July were 1° C, -13° C and
27° C, 9° C, respectively (Jaynes 1982). Wildlife herbivores included mule deer
(Odocoileus hemionus), pronghorn (Antilocapra Americana), elk (Cervus Canadensis),
and jackrabbit (Lepus spp.). Other notable species present included coyote (Canis
latrans), badger (Taxidea taxus), red fox (Vulpes vulpes), greater sage-grouse
(Centrocercus urophasianus), and various raptors. A red fox was recorded calling near
the study site in 2009.
An intensive predator control program targeting coyotes was conducted on Parker
Mountain by US Department of Agriculture Wildlife Services to protect domestic
livestock. Research has suggested that jackrabbit and coyote densities were directly
related to each other in habitats similar to Parker Mountain (Clark 1972, Wagner and
Stoddart 1972). Black-tailed jackrabbit (L. californicus) populations have been shown to
increase in the presence of coyote removal supporting the idea that coyotes play an
integral role in the control of mesomammal populations (Henke and Bryant 1999).
Dahlgren (2009) suggested that predator control on Parker Mountain may have upset the
predator-prey balance. If an over abundance of jackrabbits existed on Parker Mountain
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due to predator control it can be assumed that they are also affected the vegetation
components.
The dominant vegetation on Parker Mountain was sagebrush with scattered stands
of quaking aspen (Populus tremuloides). Black sagebrush, mountain big sagebrush (A.
tridentata spp. vaseyana) and hybrids were present within the study area. The dominant
shrubs on the study site were black sagebrush and rabbitbrush, along with several species
of grasses and forbs. Notable forage species on the study site included: needle-andthread grass (Herostipa comata), letterman needlegrass (Stipa lettermani), western
wheatgrass (Elymus smithii), blue grama (Bouteloua gracilis), sheep fescue (Festuca
ovina), slender wheatgrass (Elymus trachycaulus) and prairie junegrass (Koeleria
macrantha) (Elmore 2006).
Baseline vegetation conditions recorded on my sites in 2005 were grasses 11.2%
(<1% cool season grasses), forb cover 7.6%, and shrub canopy cover 25.8% (Elmore
2006). Excluding forb cover, these conditions did not achieve the UPDRIT (1997)
recommendations.
The dominant land use on Parker Mountain was grazing by domestic cattle.
Prior to 1945 open grazing had been allowed on Parker Mountain without regard to plant
and soil conditions. In 1945, the State Land Board issued a 10-year grazing lease to the
BLM, but lacked enforcement on limits and seasons (Jaynes 1982). Open grazing and
lack of enforcement resulted in severe overgrazing which caused the range to be unusable
by cattle in the 1930s and in extremely poor condition into the 1960s (Jarvis 1973,
Jaynes 1982). In 1959 the Utah Division of Wildlife Resources (UDWR) initiated

35
actions to curb the trend of deterioration on Parker Mountain, which included fencing,
grazing season limits (1 June-15 October), rotational grazing, brush spraying, and water
developments (Jaynes 1982). Historically, Parker Mountain had been grazed intensively
by sheep and cattle, but the dominant use has shifted to cattle over the last half century.
Only 3 substantial sized bands of sheep grazed on Parker Mountain during this research
(A. Taft, local sheep rancher, personal communication). The livestock grazing regime on
the Awapa Plateau (SITLA lands) was managed to achieve a 50-60% forage utilization
rate (Utah State University Cooperative Extension 2007) mainly in the spring and fall.
The specific study area utilized for this research had been excluded from cattle grazing
since 2005. Also, deltamethrin was applied to the study area prior to treatments to
prevent an outbreak of plague during the research.

METHODS
Experimental Design
These experiments were conducted on a 60 ha study site currently inhabited by
Utah prairie dogs. The study sites were located in a drainage with sloping topography.
Fifteen plots, 4 ha each, were used to evaluate the effects on management on the plant
community present in 2009-2010. Treatment and control plots were stratified and
randomly assigned into 3 sets of 5 plots (Fig. 2-4). Due to the uneven topography of the
area, each experiment had 3 plots characterized as swales and 2 plots characterized as
ridges. The plots were separated from each other with fencing or posts. The 5 plots that
were grazed were separated with barb wire and 2-3 stands of electric fencing. The study
plots were last grazed by cattle in 2005 (Elmore 2006).
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Grazing Treatments
A local rancher provided 1,700 ewes in mid-October 2008 to implement the
grazing trials. By grazing in the fall, the sheep concentrated on sagebrush and
rabbitbrush because forbs and grasses were dormant. At the time of sheep grazing most
prairie dogs were hibernating and none were observed by the researchers.
The sheep grazed each plot (~ 3 days/plot) until a high level of forage utilization
(72-90%) was obtained. Utilization was measured using the paired plot method, which
consisted of 1 exclosure and 1 control for 3 of the grazed plots (Cooperative Extension
Service 1996). The sheep were also fed a supplement of 0.45 kg of corn and 0.91 kg of
alfalfa hay/individual/day. The sheep were herded daily to a nearby pond located ~ 1.61
km from the plots to water.

Herbicide Treatment
Tebuthiuron was applied to 5 stratified and randomly-selected plots in November
2008 (Fig. 2-4). The tebuthiuron was formulation Spike® 20 P Herbicide (Dow
AgroSciences, Indianapolis, IN). It was applied at a low recommended rate of ~1.68
kg/ha using an all terrain vehicle equipped with a spreader attached to the rear rack.

Vegetation Monitoring
I established 3 randomly placed permanent Global Positioning System (GPS)
points in each treatment and control plot to serve as base points. Random points were
generated in Geographic Information Systems (GIS) and random azimuths were selected
using a random numbers table. From the base point, a 15 m transect was established
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along this azimuth. Each transect was permanently marked at each end with spike and
flagging. The height and width of each shrub intersecting the transect was recorded.
Live and dead shrubs were recorded separately. A Daubenmire frame (Daubenmire
1959) was used to determine % cover at 5, 10, and 15 m intervals along the transect. Data
collected consisted of percent cover and species of grass , forbs, and shrub. Grass, forb,
shrub cover, and shrub height were used to compare composition and percent cover
within each of the 15 plots post-treatment. Vegetation was sampled in June 2009 and
2010 to record vegetation responses.

Data Analysis
The experimental design for this data was a complete randomized block with
repeated measures. Grass, forb, live shrub, dead shrub canopy, and shrub height were the
vegetation characteristics tested. Cover of rock, litter, and bare ground were not included
in the final analysis. Vegetation characteristics were analyzed using 2-way analysis of
variance (SPSS 2008). Transformations were used to attain normal distributions of data.
Grass and forb canopy cover data was transformed using a square root transformation.
Shrub canopy cover data was transformed using x2/3 transformation. Shrub height data
and dead shrub canopy cover were transformed using log10 transformation. A post hoc
test (Tukey HSD) was used when a significant treatment effect was detected to determine
where treatments and controls differed. A pair-wise comparison was used when a
significant treatment-by-year effect was observed to determine where interactions
occurred.

38
RESULTS
Grass Cover
The average percent canopy cover of grass in control, grazed, and herbicide plots
in June 2009 and 2010 were 16.3%, 13.1%, and 11.5% and 14.5%, 14.4%, and 8.8%
respectively (Table 2-2). No difference in grass cover occurred in year (P=0.468) or
treatment by year (P=0.567) (Table 2-3). Grazing did not affect grass cover (P=0.663)
(Table 2-4). A treatment effect occurred in the tebuthiuron plots (P=0.039, F=3.72)
(Table 2-3). Regardless of year, vegetation responses on tebuthiuron plots differed from
controls. Tebuthiuron decreased (P=0.034) grass canopy cover (16.3% in control to
11.5% in herbicide plots in 2009 and 14.5% in control to 8.8% in herbicide plots in 2010)
(Table 2-4).

Forb Cover
The average percent canopy cover of forbs in control, grazed, and herbicide plots
in June 2009 and 2010 were 10.7%, 7.1%, and 13.3% and 6.1%, 12%, and 9%,
respectively (Table 2-2). No effect on forb cover occurred in treatment (P=0.184) or year
(P=0.285) (Table 2-5). Herbicide was not different from control in year 1 (p=0.191) or
year 2 (P=0.191) (Table 2-6). An effect occurred treatment by year (P=0.004, F=6.98)
(Table 2-5). The treatment by year effect was caused because the grazing treatment
increased forb canopy cover vs. control plots from year 1 (P=0.104; grazed=7.1%,
control=10.7%) to year 2 (P=0.008; grazed=12%, control=6.1%) (Table 2-2, Table 2-6,
Fig. 2-5).
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Live Shrub and Dead Shrub
The average percent canopy cover of live shrubs in control, grazed, and herbicide
plots in June 2009 and 2010 were 20.1%, 5.7%, and 17.7% and 16%, 8.4%, and 6.7%
respectively (Table 2-2). A treatment by year effect occurred in live shrub canopy cover
(P=0.005) (Table 2-7). Canopy cover was lower on grazed plots than on control plots in
year 1 (P<0.001; grazed=5.7%, control=20.1%) and year 2 (P=0.015; grazed=8.4%,
control= 6%) (Table 2-8 and Table 2-2). Herbicide had no effect in year 1 (P=0.530), but
lowered canopy cover compared to control plots in year 2 (P=0.002; herbicide=6.7%,
control=16%) (Table 2-8 and Table 2-2). Grazed plots had lower (P<0.001) canopy
cover (5.7%) compared to herbicide plots (17.7%) in year one. However, there was no
difference in grazed vs. herbicide in year 2 (P=0.427) (Table 2-8 and Table 2-2).
The average percent canopy cover of dead shrubs in control, grazed, and herbicide
plots in June 2009 and 2010 were 1.5%, 6.4%, and 1.7% and 3.3%, 7.7%, and 7.2%
respectively. A treatment by year effect occurred in dead shrub canopy cover (P=0.000)
(Table 2-9). Grazing increased dead shrub canopy cover compared to control plots in
year 1 (P<0.001; grazed = 6.4%, control=1.5%), but no effect occurred in year 2
(P=0.871; grazed=3.6%, control=3.3%) (Table 2-10 and Table 2-2). Herbicide did not
have an effect in year 1 (P=0.753), but increased dead shrub canopy cover compared to
control plots in year 2 (P=0.006; herbicide=7.2%, control=3.3%) (Table 2-10 and Table
2-2). The grazing treatment increased (P<0.001) dead shrub canopy cover (6.4%)
compared to herbicide plots (1.7%) in year one. Herbicide treatment also increased
(P=0.008) dead shrub canopy cover (7.2%) compared to grazed plots (3.6%) in year two.
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Shrub Height
Average shrub height in control, grazed, and herbicide plots in 2009 were 12.6%,
8.3%, and 8.9%, respectively, and in 2010 12.7%, 10.7%, and 9.1%, respectively. A
treatment effect was observed (P=0.007). Regardless of year, tebuthiuron (P=0.010) and
grazing (P=0.026) decreased shrub height.

DISCUSSION
The results of my study suggest that achieving high quality habitat for Utah
prairie dogs on dry, high elevation sites will continue to be problematic and further
compound by climate change (Wagner 2009). Ikeda (2010) projects Utah prairie dogs to
lose 96% of its current suitable habitat by the year 2100 through shifting landscapes.
Baseline vegetation conditions recorded on these sites in 2005 were grasses 11.2% (>1%
cool season grasses), forb cover 7.6%, and shrub canopy cover 25.8% (Elmore 2006).
Excluding forb cover, these conditions did not achieve the UPDRIT (1997)
recommendations of warm season grasses 1-20%, cool season grasses 12-40%, forbs 110%, and shrubs 0-8% (ground cover percentages).
Optimal habitat requirements included 12-40% cool season grasses as cool season
grasses comprise 44-80% of their diet (Crocker-Bedford 1976, Hasenyager 1984,
UPDRIT 1997). Low occurrences of grasses remained consistent on this site throughout
the study with neither the grazed or tebuthiuron treatment producing the desired grass
response. I would expect similar results on other sites that experienced below normal
precipitation and low inherent site production potentials.
During my research I excluded domestic herbivores, however wild herbivores had
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free access to the site throughout the study. Guttery (2011), who conducted similar
research on Parker Mountain using sheep, reported a significant increase in percent grass
cover in exclosures which excluded all form of herbivory. Dalhgren (2009) speculated
that the intensive predator control on Parker Mountain upset the predator-prey balance.
He argued that the seasonal over abundance of prey (i.e., lagomorphs) as the result of
increased predator control could impact the vegetation community through increased
herbivory.
Annual precipitation typically ranged between 40-50 cm, yearly (Jaynes 1982).
Precipitation was slightly below average throughout this study (Fig. 2-3). Tebuthiuron
reduced grass canopy cover compared to controls, regardless of year creating results still
well outside the optimal habitat requirements. Reduction of grass cover was unexpected
given the selective nature of the herbicide for brush and the low rate of application. This
type of reduction has not been reported elsewhere in the literature.
In contrast to my research, increases (up to 42%) of perennial grasses have been
reported with tebuthiuron treatments (Whitson et al. 1988, Blementhal et al. 2006).
Tebuthiuron treatments have also been shown to effectively control big sagebrush while
increasing cover of annual and perennial grasses in dense stands of big sagebrush (Clary
et al. 1985, McDaniel and Balliette 1986, Whitson et al. 1988, Blumenthal et al. 2006).
The effects of the herbicide on site grass cover may have been temporal. The influence of
habitat manipulations extend over multiple years. Because my research was conducted
over a two year period my data collection would not account for these changes.
Parker Mountain was grazed on a deferred system allowing grasses to mature in
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higher elevation pastures before opening them to grazing. The site was divided into 3
separate pastures, with cattle being released into the lowest pasture in May. However,
large groups of cattle were often found in pastures technically closed to grazers (Guttery
2011). A rest-rotation would allow a pasture to rest for a full year or longer. This system
is speculated to have the most potential for wildlife by providing better forage for wild
herbivores (Bleich et al. 2005).
Optimal forb percent cover for Utah prairie dog habitat was recommended at 110% (UPDRIT 1997). Forb percent cover did increase on the grazed plots compared to
controls from year 1 to year 2. This replicates results reported by Mueggler (1950),
Laycock (1967), Bork et al. (1998), and Guttery (2011).
Shrub density has been shown to be detrimental to Utah prairie dogs (Collier and
Spillet 1973). Elmore and Workman (1976) determined that shrub height and density
were the limiting factors for reintroductions of the species. Previous chemical treatments
using tebuthiuron in black sagebrush reduced canopy cover to less than 4% (R.
Torgerson, SITLA, personal communication). Grazing treatment reduced live shrub
canopy cover in year 1 and year 2. Herbicide treatment reduced live shrub cover
compared to controls in year 2. These observation replicate results big sagebrush
reported in other areas of the western North America (Mueggler 1950, Laycock 1967,
Bork et al. 1998).
Prairie dogs will rarely enter vegetation they cannot see through or over (Koford
1958). Collier (1974) reported that areas with vegetation taller 31cm seemed to be
avoided by Utah prairie dogs. Vegetation height in Utah prairie dog habitat must be low
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enough to allow prairie dogs to scan their environment while standing, even if not on
mounds (Crocker-Bedford 1975). Sheep grazing and herbicide treatment decreased shrub
height.

MANAGEMENT IMPLICATIONS
High intensity grazing and low intensity herbicide (tebuthiuron) did not increase
grass canopy cover on this dry, high elevation site. However, the grazing and herbicide
treatments decreased live shrub canopy cover and increased dead shrub canopy cover in
an acute and chronic fashion. In cases where cool season grass production is at an
acceptable level, these methods could be used to decrease the amount of shrubs present.
Because sheep grazing treatment appears to produce an acute response it would need to
be repeated as shrub canopy cover recovered. In areas where sheep ranching is still
prevalent this type of grazing in the fall might be the most economical technique for
shrub reduction. Herbicide (tebuthiuron) treatment has a more long-term effect that
would need to be repeated less often. Although, both methods decreased the height of
shrubs, the skeletons of shrubs might impede line of sight for prairie dogs in some
circumstances. Sheep grazing techniques can be used to target these remains by bedding
sheep over top of skeletal remains of shrubs or by encouraging trampling in a contained
area. Mechanical treatment, such as harrowing or brush hogging, could also be used to
reduce shrub cover, where the terrain permits and when economically feasible. If fuel
loads were allowed to accumulate fire could be an additional tool in shrub reduction.
Long-term cattle grazing has been shown to shift vegetation communities to high
levels of shrubs, while long-term fall sheep grazing has been shown to shift vegetation
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communities back towards grasses and forbs by targeting shrubs. Due to the high
intensity cattle grazing regime on the Awapa Plateau SITLA lands (50-60% forage
utilization) (Utah State University Cooperative Extension 2007) the implementation of a
rest-rotation system while incorporating dormant season sheep grazing might be
beneficial to the vegetation community. Rest-rotation would allow grasses to fully
mature and provide more forage for wild herbivores. Rest-rotation while being the most
beneficial system for wildlife might also prove to be economically disruptive to cattle
grazers. A systematic and seasonal approach to the grazing regime on Parker Mountain
using both cattle and sheep could benefit Utah prairie dog habitat and promote other
native wildlife species in the area such as greater sage-grouse while maintaining a healthy
sagebrush ecosystem. This change may also abate the modeled impact of climate change
of this high elevation plateau.
A shift in the grazing regime coupled with a reduction of predator control could
further promote production of grasses. Suppression of the predator population could
result in increasing wild herbivore populations, mainly black-tailed jackrabbits (L.
californicus).
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Table 2-1. Vegetation requirements of the Utah prairie dog (Cynomys parvidens) (Utah
Prairie Dog Recovery Plan Implementation Team 1997).
Vegetation Type
Warm-season
grass

% of Ground
Cover
15-20%

Additional Requirements

Species Examples

If WSG <3%, then forbs must
be 11%-20%

sand dropseed,
curlygrass, mountain
muhly, grama grass
Indian ricegrass,
squirreltail, western
wheatgrass, crested
wheatgrass, needle
and thread grass,
blegrass, wildrye
astragalus, alfalfa,
aster, Cymopterus
spp., buckwheat,
fleabane, Penstemon
spp., cinquefoil, phlox,
globemallow, vetch,
Cryptantha spp.,
lupine, crazyweed,
clover, goosfoot or
pigweed
sagebrush, big
rabbitbrush,
greasewood, fourwing
saltbrush, and broom
snake weed. Desirable
subshrubs include
forage kochia,
winterfat, Gardiner
saltbrush, little
rabbitbrush

Cool-season grass

12%-40%

At least 3 species, with at
least 1 native

Forb

1%-10%

Non-annual and minimum of
1% must be species examples

Shrub

0%-8%

<10% canopy cover

Plant Diversity

> 10 species
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Table 2-2. Average percent canopy cover of grass, forbs, live shrubs, and dead shrubs
In 2009-2010 on the Awapa Plateau recovery area study site in south-central Utah.
Control

Grazed

Herbicide

2009 Grass

16.3

13.1

11.5

2010 Grass

14.5

14.4

8.8

2009 Forb

10.7

7.1

13.3

2010 Forb

3.1

12

9

2009 Shrub

20.1

5.7

17.7

2010 Shrub

16

8.4

6.7

2009 Dead Shrub

1.5

6.4

1.7

2010 Dead Shrub

3.3

3.6

7.2

Table 2-3. Two-way analysis of variance of grass canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010, A=treatment, B=year.
Source
Corrected
Model
Intercept
A
B
A*B
Error
Total
Corrected Total

Type III Sum of
Squares
4.047
379.427
3.292
0.241
0.541
10.626
394.1
14.673

Mean
Square

df
5
1
2
1
2
24
30
29

0.809
379.427
1.646
0.241
0.257
0.443

F
1.828
856.427
3.717
0.545
0.58

Sig.
0.145
0
0.039
0.468
0.567
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Table 2-4. Tukey HSD post-hoc test of grass canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010, A=treatment, 1=control,
2=herbicide treatment, 3=grazed treatment.

(I) (J)A
1
2
3
2
1
3
3
1
2

95% Confidence Interval
Mean Difference (I- Std.
J)
Error
Sig.
Lower Bound Upper Bound
0.7955 0.29758
0.034
0.0523
1.5386
0.2592 0.29758
0.663
-0.4839
1.0024
-0.7955 0.29758
0.034
-1.5386
-0.0523
-0.5363 0.29758
0.19
-1.2794
0.2069
-0.2592 0.29758
0.663
-1.0024
0.4839
0.5363 0.29758
0.19
-0.2069
1.2794

Table 2-5. Two-way analysis of variance of forb canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010, A=treatment, B=year.
Source
Corrected
Model
Intercept
A
B
A*B
Error
Total
Corrected Total

Type III Sum of
Squares
197.424
2799.468
38.238
12.545
146.641
252.148
3249.04
449.572

Mean
Square

df
5
1
2
1
2
24
30
29

39.485
2799.468
19.119
12.545
73.32
10.506

F

Sig.
3.758
266.46
1.82
1.194
6.979

0.012
0
0.184
0.285
0.004
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Table 2-6. Pairwise comparison of forb canopy cover on the Awapa Plateau recovery
area study site in south-central Utah, 2009-2010, A=treatment, B=year, 1=control,
2=herbicide treatment, 3=grazing treatment.

B
1
1
1
1
1
1
2
2
2
2
2
2

I(A) J(A)
1
2
1
3
2
1
2
3
3
1
3
2
1
2
1
3
2
1
2
3
3
1
3
2

95 % Confidence Interval
Mean Difference
Std.
Lower
Upper
(I-J)
Error
Sig.
Bound
Bound
-2.76
2.05
0.191
-6.997
1.471
3.46
2.05
0.104
-0.771
7.691
2.76
2.05
0.191
-1.471
6.991
6.22
2.05
0.006
1.989
10.451
-3.46
2.05
0.104
-7.691
0.771
-6.22
2.05
0.006
-10.451
-1.989
-2.76
2.05
0.191
-6.991
1.471
-5.92
2.05
0.008
-10.151
-1.689
2.76
2.05
0.191
-1.471
6.991
-3.16
2.05
0.136
-7.391
1.071
5.92
2.05
0.008
1.689
10.151
3.16
2.05
0.136
-1.071
7.391

Table 2-7. Two-way analysis of variance of live shrub canopy cover on the Awapa
Plateau recovery area study site in south-central Utah,2009-2010, A=treatment, B=year.
Source
Corrected
Model
Intercept
A
B
A*B
Error
Total
Corrected Total

Type III Sum of
Squares
83.173
799.664
50.274
9.599
23.3
41.287
924.124
124.46

Mean
Square

df
5
1
2
1
2
24
30
29

16.635
799.664
25.137
9.599
11.65
1.72

F
9.67
464.844
14.612
5.58
6.772

Sig.
0
0
0
0.027
0.005
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Table 2-8. Pairwise comparison of live shrub canopy cover on the Awapa Plateau
recovery area study site in south-central Utah,2009-2010, A=treatment, B=year,
1=control, 2=herbicide treatment, 3=grazing treatment.

B
1
1
1
1
1
1
2
2
2
2
2
2

I(A) J(A)
1
2
1
3
2
1
2
3
3
1
3
2
1
2
1
3
2
1
2
3
3
1
3
2

95 % Confidence Interval
Mean Difference (I- Std.
Lower
Upper
J)
Error
Sig.
Bound
Bound
0.528
0.83
0.53
-1.184
2.24
4.171
0.83
0
2.459
5.883
-0.528
0.83
0.53
-2.24
1.184
3.643
0.83
0
1.931
5.355
-4.171
0.83
0
-5.883
-2.459
-3.643
0.83
0
-5.355
-1.931
2.837
0.83
0.002
1.125
4.549
2.166
0.83
0.015
0.454
3.879
-2.837
0.83
0.002
-4.549
-1.125
-0.671
0.83
0.427
-2.383
1.041
-2.166
0.83
0.015
-3.879
-0.454
0.671
0.83
0.427
-1.041
2.383

Table 2-9. Two-way analysis of variance of dead shrub canopy cover on the Awapa
Plateau recovery area study site in south-central Utah, 2009-2010, A=treatment, B=year.
Source
Corrected
Model
Intercept
A
B
A*B
Error
Total
Corrected Total

Type III Sum of
Squares

Mean
Square

df
2.141
7.291
0.529
0.478
1.134
0.945
10.377
3.086

5
1
2
1
2
24
30
29

0.428
7.291
0.265
478
0.567
0.039

F
10.871
185.104
6.721
12.13
14.391

Sig.
0
0
0.005
0.002
0
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Table 2-10. Pairwise comparison of dead shrub canopy cover on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010, A=treatment, B=year,
1=control, 2=herbicide treatment, 3=grazing treatment.

B
1
1
1
1
1
1
2
2
2
2
2
2

Mean Difference (I- Std.
I(A) J(A) J)
Error
Sig.
1
2
-0.04
0.126
0.753
1
3
-0.62
0.126
0
2
1
0.04
0.126
0.753
2
3
-0.58
0.126
0
3
1
0.62
0.126
0
3
2
0.58
0.126
0
1
2
-0.381
0.126
0.006
1
3
-0.021
0.126
0.871
2
1
0.381
0.126
0.006
2
3
0.361
0.126
0.008
3
1
0.021
0.126
0.871
3
2
-0.361
0.126
0.008

95 % Confidence Interval
Lower
Upper
Bound
Bound
-0.299
0.219
-0.879
-0.361
-0.219
0.299
-0.839
-0.321
0.361
0.879
0.321
0.839
-0.64
-0.122
-0.28
0.239
0.122
0.64
0.102
0.62
-0.239
0.28
-0.62
-0.102

Table 2-11. Average shrub height of control, grazed, and herbicide treatment on the
Awapa Plateau recovery area study site in south-central Utah, 2009-2010.
Control

Grazed

Herbicide

2009

12.6

8.3

8.9

2010

12.7

10.7

9.1
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Table 2-12. Two-way analysis of variance of shrub height on the Awapa Plateau
recovery area study site in south-central Utah, 2009-2010, A=treatment, B=year.
Source
Corrected
Model
Intercept
A
B
A*B
Error
Total
Corrected Total

Type III Sum of
Squares

Mean
Square

df
0.144
30.106
0.116
0.012
0.015
0.229
30.479
0.373

5
1
2
1
2
24
30
29

F

Sig.

0.029
3.021
30.106 3152.917
0.058
6.092
0.012
1.296
0.008
0.811
0.811

0.03
0
0.007
0.266
0.456

Table 2-13. Tukey HSD post-hoc test of shrub height on the Awapa Plateau recovery
area study site in south-central Utah, 2009-2010, A=treatment, 1=control, 2=herbicide
treatment, 3=grazing treatment.

(I) (J)A
1
2
3
2
1
3
3
1
2

95% Confidence Interval
Mean Difference
Std.
Lower
Upper
(I-J)
Error
Sig.
Bound
Bound
0.1402
0.0437
0.01
0.031
0.2493
0.1222
0.0437
0.026
0.0131
0.2313
-0.1402
0.0437
0.01
-0.2493
0.031
-0.018
0.0437
0.911
-0.1271
0.0912
-0.122
0.0437
0.026
-0.2313
-0.0131
0.018
0.0437
0.911
-0.0912
0.1271
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Figure 2-1. Current populations of Utah prairie dogs (Cynomys parvidens) within
recovery areas (adapted from USFWS 1991, Utah Division of Wildlife Resources 2009).
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Figure 2-2. Location of Awapa Plateau recovery area, Parker Mountain, Utah.
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Figure 2-3. Total precipitation for Parker Mountain region in south-central Utah, 19862011 as averaged between Donkey Resevoir and U.M. Creek/Black Flat Stations (Natural
Resources Conservation Services Snotel 2011).
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Figure 2-4. Study area, located on the Awapa Plateau recovery area, Utah, by
treatment type.
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Figure 2-5. Plot of estimated marginal means of forb canopy cover on the Awapa
Plateau recovery area in south-central Utah, 2009-2010.
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Figure 2-6. Plot of estimated marginal means of live shrub canopy cover on the
Awapa Plateau recovery area in south-central Utah, 2009-2010.
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Figure 2-7. Plot of estimated marginal means of dead shrub canopy cover on the
Awapa Plateau recovery area in south-central Utah, 2009-2010.
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CHAPTER 3
MONITORING UTAH PRAIRIE DOG RESPONSES TO MANAGEMENT
EXPERIMENTS: CONSEQUENCES FOR FUTURE RESEARCH

ABSTRACT: The Utah prairie dog (Cynomys parvidens) was listed by the U.S. Fish and
Wildlife Service as an endangered species in 1973 and reclassified to threatened in 1984
because of population increases on private lands. Lack of suitable habitat impedes
species recovery. Cool season grasses are the most crucial forage for Utah prairie dogs
due to high spring energy requirements. This study was conducted 2009-2010 to describe
the effects of habitat manipulations designed to reduce shrub canopy cover and increase
the herbaceous understory in occupied Utah prairie dog habitat and on juvenile overwinter survival. In the fall of 2008, 1700 ewes were used to intensively graze in five 4 ha
randomly selected plots to achieve >70% utilization. During this same period another
five 4 ha plots were treated with the herbicide (tebuthiuron) at rate of 1.68 kg/ha. Utah
prairie dogs were captured, weighed, and fitted with 20 g, necklace-style radio
transmitters in August and September 2009. Juvenile survival data were compromised
because of radio transmitter failure. Transmitter failure was attributed to insufficient
battery life.

INTRODUCTION
The Utah prairie dog (Cynomys parvidens) was listed by the U.S. Fish and
Wildlife Service (USFWS) as an endangered species in 1973 because of range wide
population declines. The declines were attributed to poisoning programs, plague, habitat
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loss, development, and overgrazing (USFWS 1991). Population increases since 1973 on
private lands lead to the species reclassification to threatened in 1984. Recovery efforts
have been in effect since 1972 (McDonald 1993). A recovery plan for the Utah prairie
dog was formally approved by USFWS in 1991 with the goal of recovering and delisting
the species. This plan established 3 recovery areas for the species: the West Desert, the
Awapa Plateau, and the Paunsagunt Area (Fig. 2-1). The USFWS (1991) has identified
habitat loss and degradation as major concerns regarding the persistence of the Utah
prairie dog. Roberts et al. (2000) and the Utah Prairie Dog Implementation Team (1997)
have identified preservation of existing prairie dog colonies critically dependant for
survival of the species, therefore preserving the suitability and improving habitat
currently supporting Utah prairie dogs is crucial.
Poor survivorship can also affect overall population trends. Hoogland (1995)
found over-winter survivorship varies directly with body mass for adults, yearlings, and
juveniles. Increased forage production can lead to increased body mass thereby
increasing survivorship. Adult body mass in prairie dogs is sexually dimorphic.
Depending on the time of year, the body mass of Utah prairie dogs ranges from 800-1100
g in males and 600-800 g in females (Hoogland 2003). Adult length ranges from 305360 mm (USFWS 1991).
Utah prairie dogs hibernate. Hibernation can begin as early as August and as late
as December. The date hibernation begins is dependent on site elevation, sex, age,
environmental variation, and food availability (USFWS 1991, Lehmer and Biggins
2005). Adult males will begin hibernation several weeks before adult females. Juveniles
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will follow 1-2 months after adults (USFWS 1991). This lag time is thought to be due to
juveniles and females requiring more time to build additional fat stores (McDonald
1993). Death during hibernation is common due to predation, insufficient adipose
deposits, disease, or physiological malfunctions (Clark 1977). Increased production of
forage could increase adequate fat deposits to aid in over-winter survival. Mackley
(1988) attributed high mortality of juveniles (73%) mainly to lack of over-winter
survival.
Adult Utah prairie dogs usually emerge from hibernation from February-April.
Mating occurs directly after emergence and gestation lasts 30 days. Utah prairie dogs
normally produce 1 litter per year. Young are born in burrows and usually emerge late
May-early July at 5-7 weeks of age (USFWS 1991). Utah prairie dogs have variable
litter sizes. Pizzimenti and Collier (1975) reported a litter size of 3-6, with a mean litter
size of 4.8. Wright-Smith (1978) reported a litter size from 1-6, with a mean litter size of
3.9. Sex ratio at birth is 1:1 (Mackley 1988). By October young are physically
indistinguishable from adults. Utah prairie dogs are sexually mature at 1 year (USFWS
1991). Surviorship during the first year is <50% (Hoogland 2001). Mortality is high at
all age classes. Mackley (1988) reported mortality rates for juveniles to be 76.5% and
68.5% for males and females respectively. Mortality rates for 1 year olds were 61.7%
and 28.6% for males and females respectively. Adult Utah prairie dog sex ratio is
skewed 1:1.8 toward females (Mackley 1988).
Male juveniles disperse from their parturition burrows during their first summer
(late June, early July) (Clark 1977). Low survival of prairie dog dispersers have been
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reported (48% and 56%), however enhanced food resources may negate some of the
dispersal stresses (Garrett and Franklin 1981, 1988). Mackley (1988) reported that 12%
of Utah prairie dogs dispersed annually, with an average distance of 0.56km. Most Utah
prairie dogs remain in the natal colony for life (Hoogland et al. 2006). The objective of
this research was to compare weights, counts, and survival based on treatments on the
Awapa Plateau recovery area, in south-central Utah.

STUDY AREA
Research was conducted on the Awapa Plateau (Fig. 3-1), on an area more
commonly known as Parker Mountain. Parker Mountain, located in southern Utah, is in
Wayne, Piute, and Garfield Counties (Fig. 3-2) and comprises 96,078 ha. Parker
Mountain was predominately managed by Utah School and Institutional Trust Lands
Administration (SITLA) and Bureau of Land Management (Caudill 2011). The study
area used for this research was managed by SITLA. The study area was at an elevation
of 2,670-2,700 m. Annual precipitation ranged between 40-50 cm, with most occurring
during the dormant season as snow and the rest in late summer as monsoons (Jaynes
1982). Precipitation was slightly below average throughout this study (Fig. 3-3). Parker
Mountain usually experienced 65-80 frost free days. The average temperature typically
was 3.8° C. The mean maximum and minimum temperatures for January and July were
1° C, -13° C and 27° C, 9° C, respectively (Jaynes 1982).
The dominant vegetation on Parker Mountain was sagebrush (Artemisia spp.)
with scattered stands of quaking aspen (Populus tremuloides). Black sagebrush (A.
nova), mountain big sagebrush (A. tridentata spp. vaseyana) and hybrids were present
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within the study area. The dominant shrubs on the study site were black sagebrush and
rabbitbrush (Chrysothamnus spp.) along with several species of grasses and forbs. The
dominant land use on Parker Mountain was grazing by domestic cattle. The livestock
grazing regime on the Awapa Plateau (SITLA lands) during this research was managed to
achieve a 50-60% forage utilization rate (Utah State University Cooperative Extension
2007) mainly in the spring and fall. The specific study area utilized for this research had
been excluded from cattle grazing since 2005 (Elmore 2006).

METHODS
Experimental Design
My experiments were implemented on a 60 ha study site inhabited by Utah prairie
dogs. The study sites were located in a drainage with sloping topography. Fifteen plots,
4 ha each, were used to evaluate the effects of management on the plant community
present in 2009-2010. Treatment and control plots were stratified and randomly assigned
into 3 sets of 5 plots (Fig. 3-4). Due to the uneven topography of the area, each
experiment had 3 plots characterized as swales and 2 plots characterized as ridges. The
plots were separated from each other with fencing or posts. The 5 plots that were grazed
were separated with barb wire and 2-3 stands of electric fencing. Also, deltamethrin was
applied to the study area prior to treatments to prevent an outbreak of plague during the
research.
A local rancher provided 1,700 ewes in mid-October 2008. By grazing in the fall
the sheep concentrated on sagebrush and rabbitbrush because most forbs and grasses
were dormant at that time. Additionally, most prairie dogs were in hibernation. The
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sheep grazed each plot until a high level of forage utilization (72%-90%) occurred (~3
days/plot).
Tebuthiuron (N-[5-(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N’-dimethylurea)
was applied to 5 randomly selected plots in November 2008 (Fig. 3-4) . The tebuthiuron
was formulation Spike® 20 P Herbicide (Dow AgroSciences, Indianapolis, IN). It was
applied at a low recommended rate of ~1.68 kg/ha.

Utah Prairie Dog Monitoring: Weights and Counts
Prairie dogs were trapped on the plots from July to Sept. 2009. Adults and
juveniles were trapped using single door livetraps (Tomahawk Live Trap Co, Tomahawk,
WI; Havahart, Lititz, PA) baited with oats and peanut butter. Adults and juveniles were
marked with numbered eartags (size 1) (National Band and Tag Co., Newport, KY) in
both ears, permanently marking each individual prairie dog.
Initial trapping and marking of prairie dogs was done in July to determine age
class based on weight. Based on Hoogland’s research (2003) individuals were
considered juveniles if they weighed <700 grams at the first capture period in July.
Hoogland (2003) recorded adult weights ranged from 790-1100 g in July. Secondary
trapping took place in August to affix radio transmitters (American Wildlife Enterprises,
Monticello, FL) to Utah prairie dogs classified as juveniles. Radio transmitters attached
as a necklace and weighed ~20 g (Fig. 3-5). At the time of radio transmitter attachment
prairie dog weights ranged from 540-850 g, with an average weight of 679 g. Permits
obtained for handling and marking are as follows: Certificate of Registration
1BAND8180; Federal Fish and Wildlife Permit TE011962-0; and Institutional Animal
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Care and Use Committee Number 1405.
Counts were conducted according to Utah Division of Wildlife Resources
protocol (USFWS 1991). Surveys were conducted when winds were <16 km/hour, in
sunny weather, between 0900 and 1600 hours in the summer of 2009. Plots were
surveyed in the same manner every time.

RESULTS
A total of 92 individuals were captured from July to September 2009 (Table 3-1).
Most were caught in July and August. At the time of radio transmitter attachment prairie
dog weights ranged from 540-850 g, with an average weight of 679 g. Weights did not
differ by treatment by plots or by time period (Table 3-2). Counts obtained did not differ
(Figure 3-6). However, count data was sparse which prevented comparisons. Radio
transmitter malfunctions compromised juvenile dispersal and survival data.

DISCUSSION AND MANAGEMENT IMPLICATIONS
Utah prairie dogs were relatively easy to trap from July-September using baited
live traps and some individuals were captured several times during the same day.
Hoogland (1995) reported similar behavior for individuals who became very fond of bait.
The weights of the individual prairie dogs captured did not differ by plot. The
plots at the time of capture exhibited similar percent grass cover. Cool season grass
cover has been documented as the most limiting food resource for Utah prairie dogs. The
weights I recorded (465-1,500 g, inclusive of juvenile weights) were similar to those
reported by Hoogland (2003) (600-1,100 g).
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I was unable to establish prairie dog densities using visual counts. Uneven
terrain, limited activity, and lack of training made counting individuals difficult. It might
be beneficial for counters to participate on counting surveys with UDWR or SITLA
biologists prior.
I was unable to estimate over-winter survival because of radio-transmitter failure
and poor design. No data was collected after winter 2009 due to lack signals. I believe
this was due to a shorter battery life than expected on the radio transmitter. Twenty out
of 22 prairie dogs were transmitting signals 1 month before the first winter storm,
October 28, 2009. However no signals were attained after this date. When using a radio
transmitter with a movement mortality switch, such as a mercury switch, the extra battery
life that will be used when attached to a hibernating animal should be taken into
consideration. Mortality switches are generally tripped after 12 hours of no movement.
Lack of movement, such as during hibernation, will cause a faster pulse rate indicating
mortality which increases the battery use by at least double until the animal moves again
(B. Mueller, American Wildlife Enterprises, personal communication). Radio collars for
over-winter research of Utah prairie dogs should be designed with ample battery life to
mitigate for this extra use. Also, the radio-collars used in this research were designed
with a mercury mortality switch. Mercury will settle during the course of 12 hours
tripping the switch. This mortality switch may not be the most effective mortality
indicator due to the communality of prairie dogs and the likelihood another prairie dog
can jar the transmitter at some point post-mortem.
Radio transmitter design also proved to be problematic for the duration of the
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trapping period. The shape of the collars needs to be as close to a circle as possible to
best match the shape of the neck. Also, most plastic material should be avoided due to
the warping effect that takes place in this hot, dry environment. The final model of radio
collar used in the study was made up of the epoxied transmitter unit, thin steel cable
covered in plastic tubing, 2 metal stops, and antennae (Fig. 3-5). The antennae also
proved to be problematic. Even when designed to run down the dorsal side of the
individual, most prairie dogs chewed the antennae, severely distorting (pulse and tone)
the signal. One individual pulled the antennae completely out of the casing, making it
untrackable. This caused major difficulties when attempting to track individuals. I have
not found a solution to this issue, but it should be taken into consideration when
attempting to radio collar prairie dogs for future projects.
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Table 3-1. Weights (g) of Utah prairie dogs, Cynomys parvidens, trapped from
7/18/2009-9/10/2009 by treatment type, on the Awapa Plateau recovery area, southcentral Utah.
Grazed
505
635
625
530
1250
1500
500
505
865
650
570
750
620
605
780
795
530
1300
465
730
810
575
620
570
640
590
700
865

Average
Range
Max.
Min.
SE

710.7
835
1500
465
251.52

Herbicide
515
540
600
490
525
490
680
510
590
510
505
900
830
500
470
860
500
930
515
510
570
540
525
500
700
530
525
950
505
650
560
790
575
520
570
670
865
550
800
1400
695
700
860
640
930
1400
470
185.15

Control
515
710
755
540
575
700
570
470
700
765
570
930
685
1130
495
570
630
600
875

672.9
660
1130
470
166.34

Table 3-2. Analysis of weights of Utah prairie dogs, Cynomys parvidens, by treatment type and time period,
July-August 2009 on the Awapa Plateau recovery area, south-central Utah.

Average
Std.
Dev.
Std.
Error
Upper
95%
Lower
95%
N

ControlJul.
623.3

ControlAug.
664.2

ControlSept.
0

SpikeJul.
600

SpikeAug.
706

SpikeSept.
790

GrazedJul.
700.7

GrazedAug.
701.6

GrazedSept.
782.5

All
TreatmentsJul.
637

All
TreatmentsAug.
700.1

All
TreatmentsSept.
787

115.36

130.6

0

141

199

134

295.7

179.5

116.7

208.3

184.5

11.6

66.6

53.3

0

28.2

34.6

77.6

76.3

41.2

82.5

31.8

24.22

49.9

753.9

768.7

0

656

774

774

850.3

782.3

944.2

699.2

747.6

884.8

492.8
3

559.7
6

0
0

545
25

638
33

638
3

551
15

620.9
19

620.8
2

574.7
43

652.6
58

689.2
5
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Figure 3-1. Current populations of Utah prairie dogs (Cynomys parvidens) within
recovery areas (adapted from USFWS 1991; Utah Division of Wildlife Resources 2009).
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Figure 3-2. Location of Awapa Plateau recovery area, Parker Mountain, Utah study site.
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Figure 3-3. Total precipitation for Parker Mountain region in south-central Utah, 19862011 as averaged between Donkey Resevoir and U.M. Creek/Black Flat Stations (Natural
Resources Conservation Services Snotel 2011).
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Figure 3-4. Study area, located on the Awapa Plateau recovery area, Utah, by
treatment type.
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Figure 3-5. Utah prairie dog (Cynomys parvidens) radio collar design used for
this research on the Awapa Plateau recovery area study site in south-central Utah,
7/18/2009-9/10/2009.
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Figure 3-6. Histogram of counts conducted in study plots on the Awapa Plateau recovery
area, south-central Utah in summer 2009.
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CHAPTER 4
CONCLUSIONS

The Utah prairie dog (Cynomys parvidens) was listed by the U.S. Fish and
Wildlife Service [USFWS] as an endangered species in 1973 because of range-wide
population declines. The species was reclassified as threatened in 1984 because of
population increases on private lands. The lack of suitable habitat has impeded species
recovery (USFWS 1991). Specific vegetation canopy cover guidelines outlined by the
Utah Prairie Dog Recovery Implementation Team (1997) were: warm season grasses 120%, cool season grasses 12-40%, forbs 1-10%, and shrubs 0-8% (UPDRIT 1997).
Historic long-term over-grazing along with other factors have caused significant
loss and degradation of habitat. Herbaceous species tend to decline when associated with
shrubs such as sagebrush (Artemisia spp.) and rabbitbrush (Chrysothamnus spp.) (Ellison
1960, DeVos 1969, Collier and Spillet 1973, Tueller and Blackburn 1974). An increase
in shrubs from grazing pressure has reduced palatable grasses even on uplands in Utah
(Pickford 1932, Cottam 1961, DeVos 1969, USFWS 1991). Past research has suggested
that reducing shrub cover can result in increased cover of desired grasses and forbs
(Mueggler 1950, Laycock 1967, Clary et al. 1985, McDaniel and Balliette 1986, Whitson
et al. 1988, Bork et al. 1998, Blumenthal et al. 2006).
From 2008-2010, I evaluated the effects of high intensity fall sheep grazing and
the low application of herbicide (tebuthiuron) as tools to enhance Utah prairie dog habitat
on the Awapa Plateau recovery area in south-central Utah. I placed 1700 ewes in five 4
ha randomly selected plots until >70% vegetation utilization was achieved. Five
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additional randomly-selected plots were treated with tebuthiuron at a rate of ~1.68 kg/ha.
Percent cover of grass, forbs, and shrubs were recorded on the treated plots in June 2009
and 2010 and compared to controls to determine if vegetation responses in treatments
differed.
The results of my study suggested that achieving high quality habitat for Utah
prairie dogs on dry, high elevation sites will continue to be problematic. Lack of suitable
habitat will be further compounded by the environmental effects of climate change in
Utah (Wagner 2009). Ikeda (2010) projected Utah prairie dogs to lose 96% of its current
suitable habitat by the year 2100 shifting landscapes. Baseline vegetation conditions
recorded on these sites in 2005 were grasses 11.2% (>1% cool season grasses), forb cover
7.6%, and shrub canopy cover 25.8% (Elmore 2006).
Optimal habitat requirements included cool season grasses as these comprise 4480% of their diet (Crocker-Bedford 1976, Hasenyager 1984, UPDRIT 1997). Low
percent grass cover was characteristic of my study sites (Elmore 2006). Although the
grazed or tebuthiuron treatments reduce the shrub canopy, the treatments failed to
achieved the recommended percent grass cover. This result may have been an artifact of
the low site production potentials coupled with below normal seasonal precipitation.
Guttery (2011) suggested that heribivory by both wild and domestic animals
could affect desired vegetation responses. While my research excluded domestic
herbivores, wild herbivores had access to this site throughout the study. Guttery (2011)
demonstrated that grass and forb cover increased on his sheep treatment plots when all
herbivores were excluded for at least one subsequent growing season. Dalhgren (2009)

86
speculated that the intensive predator control on Parker Mountain may have upset the
predator-prey balance. Over abundance of prey (lagamorphs) could impact the
vegetation community through this added herbivory.
My observed vegetation results may have also been impacted by the slightly
below average precipitation throughout this study. Tebuthiuron reduced grass canopy
cover amplifying the already minimal grass cover present. Reduction of grass cover was
unexpected given the selective nature of the herbicide for brush and the low rate of
application. This type of reduction has not been reported elsewhere in the literature. In
contrast to these findings of this research, increased grass cover in response to decreased
shrub canopy have been reported with tebuthiuron treatments (Clary et al. 1985,
McDaniel and Balliette 1986). It is also important to note that the influence of habitat
manipulations may often extend over multiple years and in some cases vegetation
responses may experience a lag effect. My research involved 2 years of data collection.
Parker Mountain was grazed on a deferred system which allowed grasses to
mature in higher elevation pastures before opening them to grazing. The site was divided
into 3 separate pastures, with cattle released into the lowest pasture in May. However,
large groups of cattle were often found in pastures technically closed to grazers (Guttery
2011). A rest-rotation would allow a pasture to rest for a full year or longer. This system
has been speculated to have the most potential for wildlife by providing better forage for
wild herbivores (Bleich et al. 2005).
Optimal forb canopy cover for Utah prairie dog habitat is recommended at 1-10%
(UPDRIT 1997). Grazing treatment increased forb canopy cover compared to controls
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from year 1 to year 2. This replicated results seen in a similar sheep grazing experiments
(Mueggler 1950, Laycock 1967, Bork et al. 1998, Guttery 2011).
Shrub density has been shown to be detrimental to Utah prairie dogs (Collier and
Spillet 1973). Elmore and Workman (1976) determined that shrub height and density
were the limiting factors for reintroductions of the species. Previous chemical treatments
using tebuthiuron in black sagebrush reduced canopy cover to less than 4% (R.
Torgerson, SITLA, personal communication). Grazing treatment reduced live shrub
canopy cover in year 1 and year 2. Herbicide treatment reduced live shrub cover in year
2. Both of these results replicate the results seen in similar treatments of big sagebrush
(Mueggler 1950, Laycock 1967, Bork et al. 1998).
Prairie dogs will rarely enter vegetation they cannot see through or over (Koford
1958, Collier 1974). Vegetation height in Utah prairie dog habitat must be low enough to
allow prairie dogs to scan their environment while standing, even if not on mounds
(Crocker-Bedford 1975). Sheep grazing and herbicide treatment decreased shrub height.
In cases where other factors, such as cool season grass production is at acceptable
levels, these methods could be used to decrease the amount of shrubs present. Because
sheep grazing treatment appears to produce an acute response it would need to be
repeated as shrub canopy cover recovered. In areas where sheep ranching is still
prevalent this type of grazing in the fall might be the most economical technique for
shrub reduction. Herbicide (tebuthiuron) treatment has a more long-term effect that
would need to be repeated less often. Both methods do decrease the height of shrubs, but
might still leave behind some skeletons of shrubs which might impede line of sight for
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prairie dogs in some circumstances. Sheep grazing techniques can be used to target these
remains by bedding sheep over top of skeletal remains of shrubs or by encouraging
trampling in a contained area. Mechanical treatment, such as harrowing or brush
hogging, could also be used to reduce shrub cover, where the terrain permits and when
economically feasible. If fuel loads were allowed to accumulate fire could be an
additional tool in shrub reduction.
Long-term cattle grazing has been shown to shift vegetation communities to high
levels of shrubs, while long-term fall sheep grazing has been shown to shift vegetation
communities back towards grasses and forbs by targeting shrubs. Due to the high
intensity cattle grazing regime on the Awapa Plateau SITLA lands (50-60% forage
utilization) (Utah State University Cooperative Extension 2007) the implementation of a
rest-rotation system while incorporating dormant season sheep grazing might be
beneficial to the vegetation community. Rest-rotation would allow grasses to fully
mature and provide more forage for wild herbivores. Rest-rotation while being the most
beneficial system for wildlife might also prove to be economically disruptive to cattle
grazers. A systematic and seasonal approach to the grazing regime on Parker Mountain
using both cattle and sheep might benefit Utah prairie dog habitat and promote other
native wildlife species in the area such as greater sage-grouse while maintaining a healthy
sagebrush ecosystem.
A shift in the grazing regime coupled with a reduction of predator control might
further promote production of grasses. Suppression of the predator population may be
impacting wild herbivore populations. More predation on abundant wild herbivores,
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mainly black-tailed jackrabbits (L. californicus) could normalize the predator-prey
balance, therefore shifting the vegetation community.
Poor survivorship can affect overall population recovery. Hoogland (1995) found
over-winter survivorship varies directly with body mass for adults, yearlings, and
juveniles. Increased forage production can lead to increased body mass thereby
increasing survivorship.
Utah prairie dogs were trapped from July-September in 2009 and weights
recorded. Trapping of Utah prairie dogs on my study site was relatively easy using baited
live traps, with some individuals being captured several times in the same day. Hoogland
(1995) reported similar behavior for individuals who became very fond of bait. Weights
attained did not differ by plot. This may be attributed to none of the treatments
increasing grass growth, which is the most limiting food resource for Utah prairie dogs
and burrow systems already being established in the study area prior to treatment.
Weights (465-1500 g, inclusive of juvenile weights) were similar to those recorded by
Hoogland (2003) (600-1100 g). Counts were conducted within the study area in the
summer of 2009, but did not achieve the data necessary to compare among treatments
due to uneven terrain and limited activity. I also affixed 22 juvenile Utah prairie dogs
with radio transmitters in August 2009 to determine if over-winter survival differed
relative to treatment.
I was unable to estimate over-winter survival due to radio-transmitter failure. No
data was collected after winter 2009 due to lack signals. I believe this is due to a shorter
battery life than expected on the radio transmitter. Twenty out of 22 prairie dogs were
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transmitting live signals 1 month before the first winter storm, October 28, 2009.
However no signals were attained after this date. When using a radio transmitter with a
movement mortality switch, such as a mercury switch, the extra battery life that will be
used when attached to a hibernating animal should be taken into consideration. Mortality
switches are generally tripped after 12 hours of no movement. Lack of movement, such
as during hibernation, will cause a faster pulse rate indicating mortality which increases
the battery use by at least double until the animal moves again (B. Mueller, American
Wildlife Enterprises, personal communication). Radio collars for over-winter research of
Utah prairie dogs should be designed with ample battery life to mitigate for this extra use.
Also, the radio-collars used in this research were designed with a mercury mortality
switch. Mercury will settle during the course of 12 hours tripping the switch. This
mortality switch may not be the most effective mortality indicator due to the
communality of prairie dogs and the likelihood another prairie dog can jar the transmitter
at some point post-mortem.
Radio transmitter design also proved to be problematic for the duration of the
trapping period. The shape of the collars needs to be as close to a circle as possible to
best match the shape of the neck. Also, most plastic material should be avoided due to
the warping effect that takes place in this hot, dry environment. The final model of radio
collar used in the study was made up of the epoxied transmitter unit, thin steel cable
covered in plastic tubing, 2 metal stops, and antennae. The antennae also proved to be
problematic. Even when designed to run down the dorsal side of the individual, most
prairie dogs chewed the antennae, severely distorting the signal (pulse and tone); one
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pulled the antennae completely out of the casing. This caused major difficulties when
attempting to track individuals. For future research antennae should be internal or coiled.
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Appendix
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Table A-1. Vegetation species percentages on the Awapa Plateau recovery area, Utah
compared by year and treatment.
SHRUB
Species
Artemisia
tridentata
Artemisia nova
Eriogonum
corymbosum
Chrysothamnus
spp.
Artemisia cana
Dead Artemisia
spp.
Total
FORB
Species
Asteraceae
Asragalus spp.
Eriogonum spp.
Clover *
Agoseris glauca
Knotweed*
Lupinus spp.
Penstemon spp.
Polemoniaceae
Potentilla gracilis
Unknown forb
Total
GRASS
Species
Bouteloua gracilis
Poa fendleriana
Unknown grass
Total

Control
2009
0

Control
2010
0

Herbicide
2009
0.2

Herbicide
2010
0

Grazed
2009
0

Grazed
2010
0

14.7
0.1

13.7
0

15.4
0.3

5.2
0

2
0.02

4.8
0

5.6

2.3

1.7

1.9

3.6

3.5

0
1.5

0
3.14

0
2

0
7.4

0.03
6.3

0
3.6

21.9

19.14

19.6

14.7

9.3

12

Control
2009
2.2
0.5
0.7
0
0
0.4
0
1.6
4.1
1.7
0
10.7

Control
2010
1.1
0
0.8
0
0
0.9
0
0
2.6
0.8
0
6.2

Herbicide
2009
2.2
0.8
0.2
0.2
0.2
0
0.6
1.6
6.1
1.8
0
13.7

Herbicide
2010
0.9
0
0.8
0
0
0.4
0
0.3
4.2
2.2
0
8.8

Grazed
2009
1.3
1.2
0.3
0
0.05
0.5
0.07
0.7
2.2
0.7
0.3
7.3

Grazed
2010
1.2
0.6
1
0
0
3.3
0
0
5.4
0.7
0
12.8

Control
2009
0
2.9
13.7
16.6

Control
2010
0
2.2
12.4
14.6

Herbicide
2009
0
2.9
9.1
12

Herbicide
2010
0
1
7.6
8.6

Grazed
2009
2.6
0.3
10.8
13.7

Grazed
2010
0
0.2
11.7
11.9
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Figure A-1. Comparison of grazed and ungrazed plots after fall grazing treatment on the
Awapa Plateau recovery area, Utah
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Figure A-2. Comparison of grazed and ungrazed plots after fall grazing treatments on the
Awapa Plateau recovery area, Utah.

